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Background Ozone
• Background ozone comes from natural sources and international transport.

• Natural Sources:
• Wildfires
• Lightning
• Biogenic emissions from natural processes in soil, plants and animals
• Stratospheric Intrusion

• International Transport:  
• Transport of emissions of ozone precursors;
• Transport of ozone, which can have atmospheric lifetime of weeks

• EPA considers, “Any ozone formed by processes other than the chemical 
conversion of local or regional ozone precursor emissions” as background 
ozone. (Regulatory Impact Analysis, pg. 2-10)
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EPA Solution

• Exceptional Events Rule

• Section 179B – International Transport

• Section 182 (h) – Rural Transport

EPA believes that it has policies in place to address the “relatively infrequent” 
instances where background ozone causes an exceedance of the standard.
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Exceptional Events
• Under CAA, EPA must issue regulations that provide procedures for a State to exclude air quality 

monitoring data that is directly due to exceptional events from attainment/ non-attainment designations.
• CAA defines exceptional event as one that:

• Affects air quality;
• Is not reasonably controllable or preventable;
• An event caused by human activity that is unlikely to recur at a particular location or is a natural 

event; and
• Is determined by Administrator through process established in regulations to be an exceptional 

event.
• Statute also requires a clear causal relationship between the exceedance and the exceptional event.
• EPA’s existing regulations are inadequate because:

• EPA currently excludes international transport, biogenic emissions and lightning (only stratospheric 
ozone and wildfires are included).

• Existing regulations set up a burdensome, expensive and time-consuming process.  States must prove 
each event caused a particular exceedance, which is extremely difficult to do and requires expensive 
modeling and monitoring. (Few co-located monitors with CO or PM making it difficult to identify 
source of ozone or ozone precursor.)

• No set criteria for states to make their demonstration.
• EPA does not give states adequate time to make their demonstrations especially given what is required.
• EPA often does not respond.  EPA approved only three EE ozone packages: a stratospheric intrusion 

event for Wyoming, an associated fire event for Kansas, and a wildfire event for Sacramento. 
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Rural Transport 
• Section 182(h) of CAA allows EPA to designate non-attainment areas that do not include, or 

are not adjacent to, any part of a Metropolitan Statistical Area or a Consolidated Metropolitan 
Statistical Area as a rural transport area.

• This provision does not provide adequate relief for background ozone because:
• It does not help an area avoid a non-attainment designation;
• It subjects rural transport areas to less stringent ozone requirements, but does not provide 

full relief:  
• States must develop SIPs;
• States must prepare emissions inventories;
• Nonattainment NSR permitting applies;
• Offsets are still required; and
• Control requirements for new and existing sources are still necessary.

• Western counties are large and often located adjacent to a county with a Metropolitan 
Statistical Area, which prevents them from being designated as rural transport areas even 
though many of these rural counties have few sources and low population figures.

• The proposed ozone rule lists only two counties designated as Rural Transport Areas by EPA-
both of which were designated as such for the 1979 one-hour ozone standard.
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International Transport
• Section 179B of CAA requires EPA to approve a SIP, despite that it does not demonstrate 

attainment by the attainment date, as long as a State demonstrates that its SIP would otherwise 
result in attainment “but for” emissions emanating from outside the U.S. 

• This provision does not provide adequate relief for background ozone because:
• It does not help an area avoid a non-attainment designation;
• It does not provide full relief:  

• States must develop SIPs;
• States must prepare emissions inventories;
• Nonattainment NSR permitting applies;
• Offsets are still required; and
• Control requirements for new and existing sources are still necessary.

• It only protects states from automatic “bump ups” to higher nonattainment classifications 
and precludes sanctions for not attaining the standard.

• Whether and how the provisions of section 179B would apply to transport from Asia or 
other non-continental sources are uncertain.

• The ozone proposal identifies only three occasions when EPA has used Section 179B authority; 
only one of these instances involved ozone.
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Summary of Proposal
• Uses framework of Exceptional Events Rule, which allows states to exclude air 

quality data in attainment/ non-attainment designations.

• Allow consideration of all types of background ozone, which EPA is statutorily 
authorized to do.  

• States exclude background ozone data where they can demonstrate that all combined 
sources of background ozone are the “principal contributor” of the exceedance. 

• States need not determine whether the exceedance reflects infrequent or common 
sources of background so long as background levels are the principal contributor to 
the exceedance. 

• States must only demonstrate that controllable anthropogenic emissions are not a 
significant factor in the exceedance.
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Proposal to Address High Background Ozone 
• States exclude exceedances from attainment/non-attainment designations if they 

meet one or more criteria showing that background ozone is the “Principal 
Contributor” to exceedance:

• A baseline ozone monitor upwind of local sources that exceeds the standard (i.e., ozone 
exceedance is not controllable by local sources) along with trajectory analyses showing 
that local sources were not impacting the upwind baseline monitor. 

• Modeling data indicating that background ozone is the principal cause of the ozone 
exceedance. 

• Other monitoring data demonstrating that background ozone was the principal contributor 
to the ozone exceedance, including but not limited to, relative humidity, particulate matter 
and carbon monoxide concentrations, and high nighttime/ low daytime ozone levels. 

• Phased-in deadlines for submission.
• Automatic approval if EPA does not object within 90-120 days of submission of the 

demonstration package.
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Implementation of Proposal
• Appendix U – Interpretation of the Primary and Secondary National Ambient Air 

Quality Standards for Ozone
• Explains the data handling and computations necessary to determine whether ozone 

NAAQS is met at an air quality monitoring site.
• Original purpose: codify EPA’s decision to use a three-year average of annual 4th highest 

daily maximum at a particular location, which favored approach that would allow for 
multiple exceedances and increase stability in the standard.

• These considerations apply equally to excluding abnormally high ozone levels from 
background ozone.

• Revise form of standard in Appendix U to exclude exceedances attributable to background 
from determinations of attainment by incorporating in the Appendix the three benchmark 
criteria.
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Implementation of Proposal (cont.)
• Exceptional Events Rule

• Statutory definition of Exception Event:
• Affects air quality;
• Is not reasonably controllable or preventable;
• An event caused by human activity that is unlikely to recur at a particular location or is a natural event; and
• Is determined by Administrator through process established in regulations to be an exceptional event.

• Must also require a clear causal relationship between the measurement under consideration and 
the event that is claimed to have affected the air quality in the area.

• Remove regulatory constraints
• No exceedance “but-for” the event;
• Event must be associated w/ measured concentration in excess of normal historical fluctuations, including 

background
• All exceedances attributable principally to background should be treated as EEs, whether the 

background is the result of biogenic emissions, wildfires, lighting, stratospheric intrusion or 
international transport. 
• International transport is natural event and unlikely to recur at a particular location
• Biogenic emissions is natural event.

• There would be no requirement to conduct time-consuming and costly analyses to identify and 
quantify the factors contributing to the exceedance so long as States could demonstrate that 
anthropogenic emissions are playing either no role in the exceedance or one that is insignificant. 
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Two Methods to Model Background Ozone 
• Background ozone cannot be measured or monitored. It can only be modeled.
• Zero-Out Modeling –

• Assess remaining ozone in modeling scenarios where anthropogenic emissions are 
removed.

• Does not answer the question of  “how much of the observed ozone results from 
background sources.”

• Lowest ozone levels that could be achieved in US with complete elimination of 
anthropogenic emissions.

• Source Apportionment Modeling
• Tracks the sources of ozone and ozone precursors to determine the contribution to total 

ozone from background sources.   
• Estimates background ozone concentrations based on emissions and meteorology at a 

snapshot in time, but cannot assess how conditions change over time, such as new sources 
or weather patterns.    

• Since source apportionment modeling tracks ozone precursor emissions, it assumes that all 
anthropogenic NOx emissions destroy background ozone. Therefore, source 
apportionment modeling of background will always be lower than zero-out background.
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Zero-Out vs. Source Apportionment

• Zero-out modeling runs are the lowest ozone that could be achieved in the US with 
complete elimination of anthropogenic emissions. As anthropogenic NOx emissions 
are reduced, background ozone (as predicted by source apportionment runs) will 
increase until it reaches the levels predicted by zero out runs.

• The source apportionment modeling does not show how future NOx reductions will 
increase background concentrations.
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Form of EPA’s Proposed Standard
• Compliance with ozone standard determined by comparing 3-year average 

of annual 4th-highest maximum daily 8 hour O 3 concentrations with level 
of the standard.  

• There are 17 x 8-hour averages per day; 1 maximum
• For each monitor, determine the fourth highest maximum daily 8 hour 

average out of 365 days in year.
• Average the three fourth highest maximum daily 8 hour averages over 3 

years.
• If average exceeds the standard, the monitor exceeds the standard.

• Therefore, it is important to know the background ozone concentration at 
each monitor to determine to what extent background ozone will impact a 
state’s ability to comply with the standard.
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EPA Analysis of Background Ozone
• Focused on seven months from April to October 2007 when background ozone 

levels are highest
• Determined seasonal mean background ozone concentrations rather than using 4th

highest maximum daily 8 hour average, which is form of the standard.  
• Example: CASTNET Pinedale Monitor - 2014

• Seasonal Mean MDA8 – 32.9 ppb
• 4th Highest MDA8 – 57 ppb
• Difference of 24.1 ppb

• Applied zero-out and source apportionment modeling
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Figure 2-8 - Map of 2007 CMAQ-estimated Seasonal Mean of 8-hour Daily Maximum
Ozone from United States Background (ppb) based on Zero-Out Modeling

• Figure 2-8. Map of 2007 CMAQ-estimated Seasonal Mean of 8-hour Daily 
Maximum

• Ozone from Figure 2-8. Map of 2007 CMAQ-estimated Seasonal Mean of 8-
hour Daily Maximum

• Ozone from United States Background (ppb) based on Zero-Out MoFigure 2-8. 
Map of 2007 CMAQ-estimated Seasonal Mean of 8-hour Daily Maximum

• Ozone from United States Background (ppb) based on Zero-Out 
ModelingdelingUnited States Background (ppb) based on Zero-Out Modeling

Shows MDA 8-hour O3 concentration in absence of manmade emissions at monitored locations.
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Figure 2-9 - Map of Site-Specific Ratios of U.S. Background to Total Seasonal Mean Ozone 
Based on 2007 CMAQ Zero-Out Modeling

Shows MDA 8-hour O3 concentration in absence of manmade emissions as percentage of total ozone at monitored locations.
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Figure 2-10 - Map of Site-Specific Ratios of  Apportionment-Based U.S. Background to 
Total Seasonal Mean Ozone Based on 2007 CMAQ Source Apportionment  Modeling

Shows MDA 8-hour O3 concentration using source apportionment modeling as percentage of total ozone at monitored 
locations.
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EPA Conclusions on Background Ozone

• Simulated mean background concentrations are highest at high-elevation sites within the 
western U.S. (Policy Assessment, pg. 2-17).

• From a seasonal mean perspective, background ozone levels are below the NAAQS 
thresholds.  (Regulatory Impact Analysis, pg. 2-14).

• The additional 2007 modeling confirms that background ozone, while generally not 
approaching levels of the ozone standard, can comprise a considerable fraction of total 
seasonal mean ozone across the U.S. (Regulatory Impact Analysis, pg. 2-16).

• The proportion of total ozone that has background origins is smaller on high ozone days 
(e.g., days > 60 ppb) than on the more common lower ozone days that tend to drive seasonal 
means.  (Regulatory Impact Analysis, pg. 2-16).

• There are some cases where the model predicts much larger background proportions, but 
these infrequent episodes usually occur in relation to a specific event, and occur more often 
in specific geographical locations, such as at high elevations or wildfire prone areas during 
the local dry season. (Regulatory Impact Analysis, pg. 2-17) 

Episodic events where background ozone concentrations approach or exceed 
the level of the current NAAQS are “relatively infrequent.”
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4th Highest MDA8 Background Ozone 
with CAMx Zero-Out Modeling

(Emery et al., 2012)

Background as high as 50-70 ppb in the West!

20



WESTAR Comments - Background Ozone High 
when Ozone is High

(WESTAR, 2015) 21



Las Vegas Ozone Study 
• Langford et al. (2014) conducted a study 

in Clark County, Nevada that found that:
• Stratosphere-troposphere transport 

directly contributed in excess of 30 ppb 
ozone to the three ozone NAAQS 
exceedances observed over six weeks of 
study. 

• International transport from Asia 
contributed > 10 ppb on two of those 
occasions. 

• If the ozone NAAQS was 70 ppb, there 
would have been 14 exceedances in the 43 
day study

• If the ozone NAAQS was 65 ppb, there 
would have been 25 exceedances

(Langford et al. 2014)
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CASTNet 2010-2012 Ozone Design Values

Values are three-Year Average of Fourth Highest Daily Maximum 
8-Hour Average Ozone Concentrations (ppb) for 2010-2012

Data were accessed from http://epa.gov/castnet/javaweb/index.html on February 20, 2013
A. Hendler, URS Corporation, Austin, TX
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Percentage of CASTNet
Monitors That Exceed a 
Proposed Ozone NAAQS 
Ozone 
NAAQS

2008‐
2010

2011‐
2013

65 ppb 68% 72%
70 ppb 40% 52%
75 ppb 24% 20%
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Asian Influence on US Ozone 
• Increasing emissions from Asia are outpacing reductions in the U.S.

• Asia NOx emissions increased 44% (55% in China) during 2001-2006 while ozone precursors from the 
U.S. decreased by more than a third in 1985-2008.

• Lin et al. (2012) found that enhancements from international transport of Asian emissions were 
associated with 53% of NAAQS exceedances at a standard of 75 ppb in the south western 
US.  

• This figure shows the 15-day transport history of air masses with high ozone values (67-99 
percentile) (Cooper, 2010).  
• It shows that air descending on the western US spent a significant period of time in the western Pacific 

and East Asia, where ozone and ozone precursors were picked up and lofted to the United States.
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Aura Satellite Measurement of Increase In 
Asian Emissions

Verstraeten et al. (2015) review of 
Aura satellite measurements using the 
Tropospheric Emissions Spectrometer 
(TES) for ozone and the Ozone 
Monitoring Instrument (OMI) for NO2
found:
• Ozone concentrations over China have 

increased 7% between 2005 and 2010 
because
• Chinese emissions have increased 21% 
• Increased Stratosphere-troposphere 

transport 
• Transport from China of ozone and its 

precursors has offset 43% of the 0.42 
DU reduction in free tropospheric 
ozone over the western US that was 
expected between 2005-2010 due to 
regulations. DU = 

Dobson 
Unit

(Verstraeten et al., 2015)
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Alternative Conclusions
• A standard lower than 75 ppb will approach peak background in many areas, 

particularly in the West frequently.

• “[i]f the NAAQS is lowered in the 60-70 ppbv range, areas of the intermountain 
West will have little or no ability to reach compliance through North American 
regulatory controls.” (Zhang et al, 2011)

• “The shrinking margin between the NAAQS and increasing springtime background 
concentrations means that even modest episodic additions of 5-10 ppbv from STT or 
Asian pollution can potentially lead to exceedances of the NAAQS. Exceedance 
events will become increasingly frequent if the NAAQS is decreased to 70 ppbv or 
less” (Langford et. al., 2014)

• Dr. Daniel Jacobs of Harvard and lead of NASA’s air quality research team told 
Greenwire in a November 17, 2014 article “If you have a standard that's somewhere 
between 60 and 70 parts per billion, you're not talking about events anymore. You're 
talking about the routine. You're talking about things that happen rather frequently. 
The events are not exceptional anymore.”
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