








Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment
Area i Coloma Monitor

Table 1. 2023-2025 4" high ozone concentrations and the 2023 -2025 DV for the
Coloma monitor prior to and after EE concurrence.

2023 | 2024 | 2025
Site Name | Monitor ID 4th Al 4th 2(()25bI)DV EE Status
High | High | High PP
Coloma 26-021-0014 | 78 65 70 71 Prior to EE
concurrence
Coloma 26-021-0014 | 77 65 70 70 After EE
concurrence

Table 2 identifies the Michigan regulatory significant monitors that were affected by
smoke transport on and leading up to the days of June 19 and July 25, 2023, and as
such data from those two days should be excluded from regulatory determinations.

Table 2. Ozone data requested for exclusion

Nonattainment Monitor 1D Site Name MDAS8 and Dates
Area year rank
(ppb)
Berrien County 26-021-0014 Coloma 79 (3) June 19, 2023
Berrien County 26-021-0014 Coloma 83 (2) July 25, 2023

Exceptional Events Rule Requirements

The United States EnvironmentTeatmedtrofdatea ct i on Ag
Influenced by Exceptional Events (Exceptional Event Rule, 81 Federal Register (FR)

68216) provides the requirements that air agencies must meet when requesting the

USEPA to exclude EE-related concentrations from regulatory determinations. All the

required elements under Title 40 of the Code of Federal Regulations (CFR)

50.14(c)(1)(i), 40 CFR 50.14(c)(3)(iv)(Ai E), and 40 CFR 50.14(c)(3)(v)(A-C) are

included in this demonstration.

1 A narrative conceptual model that describes the event(s) causing the
exceedance or violation and a discussion of how emissions from the event(s) led
to the exceedance or violation at the affected monitor(s), including analyses
comparing the claimed event-influenced concentrations to concentrations at the
same monitoring site at other times. (Section 1)

1 A demonstration that the event affected air quality in such a way that there exists
a clear causal relationship between the specific event and the monitored
exceedance or violation. (Section 2)

1 A demonstration that the event was both not reasonably controllable and not
reasonably preventable. (Section 3)

1 A demonstration that the event was a human activity that is unlikely to recur at a
particular location or was a natural event. (Section 4)

1 A demonstration that the public was notified of the occurrence of the event(s).
(Section 5)

1 Documentation that the Michigan Department of Environment, Great Lakes, and
Energy (EGLE) followed the public comment process. (Section 5)
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Exceptional Event Demonstration
1. Narrative Conceptual Model

1.1 Area Description

Monitoring Data

As shown in Figure 2, Michigan has three 2015 ozone NAAs in west Michigan:
Muskegon County (partial county), Allegan County (partial county), and Berrien County.
This document has been prepared to address wildfire smoke events that impacted the
Coloma monitor in the Berrien County NAA.

Figure 2. West Michigan 8 -hour ozone NAAs (2015 NAAQS).
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Attainment Status for the 2015 Ozone EG ._E
National Ambient Air Quality Standard

On June 4, 2018 (83 FR 25776), the USEPA made the final designations and
classifications for Michigan, including designating Berrien County as marginal
nonattainment, effective August 3, 2018. On October 7, 2022 (87 FR 60897), the
USEPA determined that Berrien County failed to attain the 2015 ozone NAAQS by the
applicable attainment date and reclassified the area to moderate nonattainment,
effective November 7, 2022. The NAA was further reclassified to serious nonattainment

after the USEPA published its friendlo det el mion a

Federal Register on December 17, 2024 (89 FR 101901), effective January 16, 2025,
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after the NAA failed to meet the standard by the applicable attainment deadline (August
3, 2024).

As a result of the initial designations and subsequent reclassifications for the NAA
described above, the State of Michigan submitted State Implementation Plans (SIP)
pursuant to the requirements applicable to marginal and moderate ozone NAAs and is
currently drafting its SIP to meet the relevant requirements for serious ozone NAAs.

Ozone has decreased in the Berrien County NAA. Figure 3 shows the number of days
since 2012 that the Coloma monitor exceeded 70 ppb (days in 2023 and 2025 with
obvious wildfire smoke influence were excluded).

Figure 3. Number of days exceeding 2015 ozone NAAQS level of 70 ppb in the
Berrien County NAA.
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1 2023 smoke influenced days of June 10, June 18, and June 29 were excluded, as were the event days in this
demonstration of June 19 and July 25, 2023. The 2025 smoke influenced days of June 11, June 12, and July 15 were
excluded.

The Coloma site (Berrien County; Monitor ID 26-021-0014; Lat 42.197778, Lon-
86.309722) is a seasonal ozone site intended to monitor population exposure. This site
is located in the southwest corner of the state and is a State and Local Air Monitoring
Stations (SLAMS) site that measures ozone and meteorological parameters such as
wind speed, wind direction, and ambient temperature.

The Holland site (Allegan County; Monitor ID 26-005-0003; Lat 42.767778, Lon -
86.148611) is a neighborhood scale site intended to monitor population exposure and a
site that conducts enhanced ozone monitoring. This site is located southwest of Grand
Rapids and is a SLAMS site that measures seasonal ozone and year-round nitrogen
dioxide (direct NO2), particulate matter 2.5 microns and smaller (PM25), speciated
PM2, and meteorological parameters such as wind speed, wind direction, ambient
temperature, and barometric pressure.
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The Jenison site (Ottawa County; Monitor ID 26-139-0005; Lat 42.894444, Lon -
85.852778) is a neighborhood scale site intended to monitor population exposure. This
site is located west of Grand Rapids and is a SLAMS site that measures seasonal
ozone and year-round particulate matter 2.5 microns and smaller (continuous PMz.s),
particulate matter 10 microns and smaller (continuous PM1o), and meteorological
parameters such as wind speed, wind direction, and ambient temperature.

Figure 4 presents the location of the Coloma monitor in southwest Michigan that collects
ozone data. Also displayed are the locations of the Holland and Jenison monitors, which
collect PM2s data that were included in this EE demonstration.

Figure 4. Ozone monitor located in Coloma and PM 25 monitor s located in Holland
and Jenison .
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1.2 Characteristics of non-exceptional event (typical) ozone formation

The Lake Michigan Air Directors Consortium (LADCO) conducted a Classification and
Regression Tree (CART) analysis to determine meteorological conditions most
commonly associated with high ozone days in o0zone NAAs in the LADCO region;
Berrien County was included in this analysis. Based on the CART analysis, the most
dominant weather conditions for ozone development in Berrien County are afternoon
temperatures greater than 85 degrees Fahrenheit and average relative humidity levels
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less than 65%. Other factors that historically have led to increased ozone levels are
sunny skies, warmer upper-level temperatures, and southerly or westerly flow.

An additional factor that leads to ozone development is transport into the region.

Southerly wind patterns will transport emissions from sources south of Michigan over

Lake Michigan. The development of an afternoon lake breeze brings emissions from

over the lake onshore and into southwest Michigan. A typical event generally starts with

a fAbwpd dday wher e pol | uibtotierModeratg (Yelleav AQlhrangee asi n g
over the area. If the weather conditions explained above remain over the region for two

or more days, ozone often increases into the USG (Orange AQI) range until the area

experiences clouds, precipitation, or a cooler airmass change.

In this document, the impact wildfire smoke had on ozone concentrations at the Coloma
monitor during events in June and July 2023 is discussed. Historical ozone records
were examined to discern the potential impact wildfire smoke may have had on the
monitor. The 8-hour ozone DV is the three-year running average of the 4th highest
MDAS8 ozone concentration (40 CFR Part 50, Appendix U).

During much of the late spring into summer of 2023, increased ozone occurred during
periods with a northerly component to the wind, conditions that are not typical for
increased ozone concentrations. The airmasses during these events originated from
well north of Michigan across parts of western, central, and eastern Canada where
wildfires were ongoing. On both event days, enhanced vertical mixing brought wildfire
smoke-influenced precursors to ground level.

Figure 5 and Figure 6 below show the five-year historical record and seasonality of
MDAS ozone concentrations, along with the 99" percentile and NAAQS ozone
concentrations at the Coloma monitor. The event days of June 19 and July 25, 2023,
rank above the 99" percentile and the days were ranked the 3' highest (June 19) and
2" highest (July 25) concentrations in 2023.

1 Classification and Regression Tree (CART) Analysis for LADCO Ozone Nonattainment Areas: 2001-
2023



https://www.ladco.org/wp-content/uploads/Projects/Ozone/LADCO_O3_CART-Analysis_2025_v2.pdf
https://www.ladco.org/wp-content/uploads/Projects/Ozone/LADCO_O3_CART-Analysis_2025_v2.pdf
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Figure 5. Time series of 20 21-2025 MDA8 ozone concentrations at the  Coloma
monitor . Data for June 19 and Ju ly 25, 2023, are shown inred (2025 monitor ing data
are preliminary) .
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Figure 6. Seasonality of 20 21-2025 ozone concentrations from the  Coloma
monitor . Data for June 19 and July 25, 2023, are shown inred (2025 monitor ing
data are preliminary) .
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1.3 Wildfire description

The 2023 wildfire season in Canada brought a recorded total of 7,131 fires burning a
total of 17,203,625 hectares (ha)?. For the purpose of this document, we will be focusing
on the wildfires that took place in the provinces of Saskatchewan, Manitoba, Ontario,
and Quebec. According to the Canadian Interagency Forest Fire Centre (CIFFC)
Canada Report for the 2023 season, 462 fires burned 1,850,829 ha in Saskatchewan,
300 fires burned 198,633 ha in Manitoba, 743 fires burned 441,473 ha in Ontario, and
713 fires burned 4,322,888 ha in Quebec.

Table 3 below documents how extreme the 2023 wildfire season was compared to the
average.

Table 3. Comparison of Ca n a d 2083 wildfire season with Ca n a d &08éysar
average ?

Number of Fires Area Burned (ha)
2023 wildfire season 7,131 17,203,625
10-Year Average 5,350 2,718,762

The wildfire season started off with temperatures between May and July higher than the
past 80 years.® Additionally, dry conditions were observed throughout May, June, and
July in the Canadian provinces. Agriculture and Agri-Food Canada (AAFC) Drought
Monitor reports for April through July 2023 document increasing intensity in short-term
(less than 6 months) and long-term (longer than 6 months) drought throughout Canada.
The figures below, from the AAFC, document the spread of drought conditions from
spring well into the summer months*. Portions of Saskatchewan, Manitoba, Ontario, and
Quebec received less than 40 to 60% of the average precipitation between the months
of May and July.* Warmer weather and dry conditions can lead to more lightning, which
was the leading cause of wildfires discussed further in this document.®

2 canadian Interagency Forest Fire Centre | Canada Report 2023 Fire Season
3 Government of Canada | Canada's record-breaking wildfires in 2023: A fiery wake-up call
4 Agriculture and Agri-Foods Canada (AAFC) | Canadian Drought Monitor

5 CBS News | How did the 2023 Canadian wildfires start? A look at what caused the fires that are sending
smoke across the US.



https://www.ciffc.ca/sites/default/files/2024-03/CIFFC_2023CanadaReport_.pdf
https://natural-resources.canada.ca/simply-science/canadas-record-breaking-wildfires-2023-fiery-wake-call/25303
https://publications.gc.ca/collections/collection_2023/aac-aafc/A27-39-2023-6-eng.pdf
https://www.cbsnews.com/news/how-did-wildfires-in-canada-start-spread-to-europe-midwest/
https://www.cbsnews.com/news/how-did-wildfires-in-canada-start-spread-to-europe-midwest/
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Figure 7. AAFC Canadian Drought Monitor maps showing drought intensity for
April through July 2023 (upper left to lower right). Drought intensity increases
from yellow (abnormally dry) to dark red (exceptional drought).

Canadian Drought Monitor Canadian Drought Monitor
Conditions as of April 30, 2023 Conditions as of May 31, 2023

Canadian Drought Monitor Canadian Drought Monitor
Conditions as of June 30, 2023 Conditions as of July 31, 2023

Drought Intensity i K a0 & Drought Intensity

The following information in this section details fire conditions leading up to and
including the event days of June 19 and July 25, 2023.

As warmer temperatures and drought continued into June, wildfires spread and ignited
across Canada. Figures 8 and 9 below include maps from the Canadian Wildland Fire
Information System (CWFIS)® and AirNow Tech Navigator. These maps identify active
wildfire locations on June 19 across Ontario and central Quebec. It should be noted that
the majority of these wildfires were ignited on or just after June 1 when significant
lightning occurred. After June 1 the majority of these wildfires strengthened and
increased in size. On June 19 at least eight fires in Ontario exceeded 1,200 ha, of which
two exceeded 5,800 ha, and wildfire COCO007 at peak size reached 10,719.8 ha.
Additional information on wildfire COCO007 can be found below. Following the June 1
lightning storm that ignited 183 fires in Quebec, an additional 75 new wildfires were
ignited throughout the month of June.? Wildfires ravaged Quebec throughout June with
at least 16 wildfires exceeding 10,000 ha at their peak, including three wildfires
exceeding a peak of 110,000 ha.® Wildfire 334, which at its peak burned 141,590.1 ha,

6 canadian Wildland Fire Information System | Interactive map (nrcan.gc.ca)

9


https://cwfis.cfs.nrcan.gc.ca/interactive-map?zoom=1&center=-13313.777608733331%2C1011714.583552123&month=6&day=2&year=2023#iMap
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can be seen in Figure 10 below. Wildfire 334 and numerous wildfires in the southern
and central Quebec areas caused several communities to be evacuated, not once, but
several times. Between the Lebel-sur-Quevillon, Sept-lles, Innu, and Cree communities
in Quebec, at least 12,000 people were evacuated in June.”® In some cases, the
communities were displaced for 17 days.®

Figure 8. CWFIS map for June 19, 2023. Red-, blue -, and yellow -colored dots

indicate active wildfire locations.
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7 Forest fires in Northern Quebec: Another 2,000 evacuated from their homes

8 Wildfires: Evacuation orders for Lebel-sur-Quevillon and Cree community Mistissini | CTV News

9 Evacuation order lifted in northern Quebec town after wildfires, but risk remains | Global News
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https://www.ctvnews.ca/montreal/article/forest-fires-in-northern-quebec-another-2000-evacuated-from-their-homes/
https://montreal.ctvnews.ca/wildfires-evacuation-orders-for-lebel-sur-quevillon-and-cree-community-mistissini-1.6452972
https://globalnews.ca/news/9778070/quebec-wildfire-update-june-19/
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Figure 9. AirNow Tech map for June 19, 2023. Gray shaded areas are Hazard
Mapping System (HMS) smoke and red triangles indicate active wildfire locations ,
and colored circles are daily 24 -hour PM25s AQI levels .

Figure 10. Picture of wildfire 334 in Quebec *°

10 Quebec wildfires: Cree community of Mistissini orders evacuation due to heavy smoke | The Gazette

11


https://montrealgazette.com/news/quebec/quebec-wildfires-cree-community-of-mistissini-orders-evacuation-due-to-heavy-smoke
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COocCoo7

The COCO007 fire was ignited on June 2 in eastern Ontario, and at its peak the fire
reached 37,742 ha. A picture of COCO007 can be seen in Figure 11 below. According to
the CIFFC Canada Report for the 2023 season:

fit created a significant amount of smoke that travelled southwards alongside smoke
from several large fires in Northern Quebec, impacting areas as far south as the
Greater Toronto Area and the National Capital Region within Canada. 20

Figure 11. A picture of wildfire COC007 1!

In addition to the news articles discussed above, review of the area forecast discussions
(AFD) from the Grand Rapids (GRR) National Weather Service (NWS) office document

the presence of wildfire smoke. The AFDs were obtained from the lowa State

University, lowa Environmental Mesonet,? and below is a portion of an AFD for context

and reference.

June 18, 20237 NWS GRR?3
fSkies here at the office look milkier than early today due to an influx of near surface

smoke from the northwest, as was advertised by the HRRR-Smoke model to occur.
This same guidance suggests a westward push of the greater smoke concentrations

11 Nearly 300K hectares burned in Ontario wildfires, extremely poor air quality continues | CTV News
Northern Ontario

12 |]owa Environmental Mesonet

13 National Weather Service Text Product AFD GRR - June 18, 2023

12


https://northernontario.ctvnews.ca/nearly-300k-hectares-burned-in-ontario-wildfires-extremely-poor-air-quality-continues-1.6457450
https://northernontario.ctvnews.ca/nearly-300k-hectares-burned-in-ontario-wildfires-extremely-poor-air-quality-continues-1.6457450
https://mesonet.agron.iastate.edu/wx/afos/list.phtml
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202306180527
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towards the lakeshore early tonight. But this will be followed by a reinforcement of
smoke from the south early Sunday as winds veer in direction.o

Wildfire smoke lingered over most of the Great Lakes Basin through July and wildfires
present on July 25 across Saskatchewan, Manitoba, Ontario, and Quebec can be seen
in Figures 14 and 15 below. Numerous wildfires remain ablaze from the June 1 lightning
event, continued to grow, and impact the Canadian provinces and the U.S. On July 25,
54 wildfires were burning in Manitoba, with five of those wildfires starting in the previous
24 hours.'* Two of the larger wildfires in Manitoba are discussed below.

WEO018

The WEO018 Fire was ignited by lightning on June 16, in western Manitoba. At its peak,
the fire reached 13,381 ha and concluded by October 19, 2023.°

Figure 12. Fire perimeter map for wildfire WEO18. Black outline with red shading
is the approximate fire perimeter. 6
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14 Province of Manitoba | July 25, 2023, Fire Situation Report
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https://www.gov.mb.ca/conservation_fire/Fire-Situation/2023/20230725-firesituation.html
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WEO027

The WEO027 Fire was ignited by lightning on June 29, in western Manitoba. At its peak,
the fire reached 22,000 ha and concluded on September 9, 2023.

Figure 13. Fire perimeter map for wildfire WEO 27. Black outline with red shading
is the approximate fire perimeter. 6
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Factanilla

By mid-July, west Michigan was no stranger to air quality alerts and haze associated
with the smoke from continuous wildfires in Canada. Locally, in west Michigan, most
news articles around July 25, 2023, consisted of the reminder of another air quality alert
for the area associated with wildfire smoke from Canada. However, a few news articles
highlighted smoke making its way back into the region during this period.

fAirhe satellite shows we have a long plume of smoke aimed at Michigan. Weather
computer models show we better plan on a smoky few days at least.d®

fChicago, Minneapolis, and Detroit, Michigan, were ranked among the most polluted
cities in the world as of Tuesday evening, according to global pollution tracker IQAIr.
The smoke has drifted over the Great Lakes region, in particular, as about 1,090

active fires blaze throughout Canada, more than 670 of which are considered @ut of

15 See the next blob of smoke heading toward Michigan; Whole state in air alert
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https://www.iqair.com/us/world-air-quality-ranking
https://www.mlive.com/weather/2023/07/see-the-next-blob-of-smoke-heading-toward-michigan-whole-state-in-air-alert.html
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control,6according to the Canadian Interagency Forest Fire Centre. That® up from
more than 880 fires there last week.d®°

fSince the wildfires began in May, their smoke has continued to drift into the U.S.
and has been particularly heavy in the Great Lakes region this summer.d’

In addition to the news articles, AFDs from the GRR NWS office also documented the
presence of wildfire smoke. The AFDs were obtained from the lowa State University,
lowa Environmental Mesonet!'® and portions of some AFDs are included below for
context and reference.

July 24, 2023 i NWS GRR?®

fSmoke seen on satellite imagery will continue to filter into the area, resulting in a
continuation of smoke/haze well into the day Tuesday; this was the main impetus for
the Air Quality Alert issued by the Michigan Department of Environment, Great
Lakes, and Energy (EGLE).0

July 25, 20237 NWS GRR?°

fHigher concentrations of smoke are located upstream as displayed by the AirNow
PM2.5 page. Some values are in excess of 100 and this may push in today on
southwest winds. The RAP smoke and HRRR smoke models indicate that this will
be the case. That said, these values are much lower than what we saw earlier this
summer where visibilities were impacted fairly significantly. Bottom line, we will see
smoke today in the sky with the hazy sunshine being very apparent.o

16 Smoke from hundreds of Canadian wildfires blankets northern US cities with air pollution | CBS News
17 wildfire smoke continues to encapsulate Michigan, affect air quality Wednesday | WDIV Click on
Detroit

18 |owa Environmental Mesonet National Weather Service Raw Text Product | lowa State University

19 National Weather Service Text Product AFD GRR - July 24, 2023

20 National Weather Service Text Product AFD GRR - July 25, 2023
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Figure 14. CWFIS map for July 25, 2023. Red-, blue -, and yellow -colored dots

indicate active wildfire locations.
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Figure 15. AirNow Tech map for July 25, 2023. Gray shaded areas are HMS smoke
and red triangles indicate active wildfire locations , and colored circles represent
the daily 24 -hour PMz2s AQI levels. Unhealthy for Sensitive Groups (orange) to
Unhealthy (red) across parts of the Great Lakes and Ohio Valley regions

Table 4 lists AQD forecasts and air quality alerts that were issued leading up to and
during the event days in this demonstration. These products were sent to notify the
public of deteriorating air quality conditions due to wildfire smoke.

Table 4. AQD forecasts and air quality alerts for the June and July 2023 Canadian
wildfire smoke episodes

Date Agency Message

June 18, 2023 AQD Air Quality Forecast Appendix A

June 19, 2023 AQD Air Quality Forecast Appendix A

July 24, 2023 AQD Air Quality Forecast Appendix A

July 24, 2023 AQD - Relayed by National Weather Air Quality Alert
Service North Webster, IN

July 25, 2023 AQD Air Quality Forecast Appendix A

1.4 Conceptual model of ozone formation and transport from wildfire s

Wildfire smoke plumes contain numerous precursors which are important to
photochemical production of tropospheric ozone and can travel thousands of kilometers.
Smoke plume transport may cause urban areas, where forest fires seldom occur, to see
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greater enrichment of ozone, as much as 25 ppb in the northeastern U.S., than areas
where wildfire more frequently occur.?!

Many variables, such as type of fuel or forest burned, plume path, and acreage burned,
affect the intensity of the fire and ability of a plume to enhance downwind ozone
production. Boreal forests, such as those from the Canadian wildfires, contain pine trees
as one of the dominant species.?? Pine forests support an herbaceous ground layer that
may be dominated by grasses and forbs that lend themselves to ecologically important
wildfires. Emissions from these forests can be much higher than from typical forests in
the U.S. due to the high available biomass that may be stored in the understory of the
forest floor. When mixed with urban emissions,?? it is clear that fire emissions often have
broad-scale impacts on ozone formation?* and can be decisive factors in triggering air
guality exceedances.

Cases have confirmed that ozone production is often observed substantially downwind

of the wildfire locations. Information in this demonstration highlights fire locations,

meteorological conditions, and how transport brought plumes of smoke from the fires

into the Great Lakes region. As stated in an article by Clarity on August 15, 2025, PM2s
imakes up approximately 90% of t he&Thehighi part
concentrations of PMzs recorded at west Michigan monitors prior to and on event days

gives evidence that precursors from wildfires were brought to surface level and elevated

ozone concentrations on June 19 and July 25, 2023, were caused by these wildfire

precursors.

2. Clear Causal Relationship and Supporting Analyses

The USEPAGs Exceptional Event-tiedappreachdoethecclear | i ne s
causal relationship analysis, along with examples of supporting documentation for each
tier.

A Tier 1 demonstration requires the least amount of evidence and is appropriate for
wildfires that clearly influence monitored concentrations, either during a time of year that
typically has no exceedances or is clearly distinguishable from non-event
concentrations. A Tier 2 demonstration requires more support than a Tier 1
demonstration. The Tier 2 demonstration covers wildfire events that lead to monitored
concentrations higher than non-event concentrations, with ratios of fire emissions to fire
distance from the influenced monitors (Q/D) showing a clear causal relationship. A Tier
3 demonstration requires a more supportive demonstration than a Tier 1 or Tier 2
demonstration. The Tier 3 demonstration is for a wildfire event that does not fall into the

21 Brey, Steven J. and Emily V. Fischer, Smoke in the City: How Often and Where Does Smoke Impact Summertime
Ozone in the United States, Environmental Science and Technology, vol. 50, pp1288-1294, 2016

22 Trees of the Boreal Forest

23Singh, H. B., C. Cai, A. Kaduwela, A. Weinheimer, and A. Wisthaler (2012b), Interactions of fire
emissions and urban pollution over California: Ozone formations and air quality simulations, Atmos
Environ., 56, 45-51, doi:10/1016/j.atmosenv.2012.03.046.

24 Pfister, G. G., et al. (2006), Ozone production form the 2004 North American boreal fires, J. Geophys.
Res., 111, D24S07, doi:10.1029/2006JD007695.

25 What is wildfire smoke made of? Examining the composition of wildfire-related air pollution

18


https://lotnoutfitters.com/pages/boreal-forest-trees
https://www.clarity.io/blog/what-is-wildfire-smoke-made-of-examining-the-composition-of-wildfire-related-air-pollution#toc-fine-particulate-matter-(pm2.5)

Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment
Area i Coloma Monitor

Tier 1 or Tier 2 categories, but a clear causal relationship can be shown by a weight of
evidence approach.

The June and July 2023 event days occurred during the typical ozone season in
Michigan and based on the Exceptional Events Guidance, they do not fall within the Tier
1 category of being 5-10 ppb higher than any non-event related concentrations from the
past 5 years (2021-2025).

The USEPA guidance states that two key factors must be met in a Tier 2 demonstration.
Key Factor #1 is met if the Q/D value for a fire, or the aggregate Q/D across multiple
fires, exceeds a conservative value of 100 tons per kilometer (tons/km). As most of the
fires seen in 2023 were located approximately 1,700 km away from west Michigan, daily
emissions from any one fire would need to exceed 170,000 tons to meet the criteria of a
Q/ D O 1 0 0 Entissions ffol the fires are not large enough to reach the Q/D
threshold of 100 tons/km and to meet Key Factor #1. Key Factor #2 is met when either
the event related concentration is in the 99% percentile of the 5-year distribution of
0zone monitoring data or is among the four highest ozone concentrations seen in 2023.
Key Factor #2 is met for both event days.

Since only one of two key factors necessary for a Tier 2 analysis is met, a Tier 3
analysis was performed. The clear causal relationship in a Tier 3 analysis includes a
comparison of historical concentrations, evidence that fire emissions affected the
monitor and that emissions were transported to the monitor, and additional evidence
that the fire emissions caused the ozone exceedance. The additional evidence can
include photochemical modeling, statistical modeling, or a meteorologically (met)
adjusted ozone trends analysis to show a clear causal relationship between wildfire
emissions and elevated ozone concentrations. The Tier 3 analysis was performed for
the Coloma monitor on June 19 and July 25, 2023. The results of the analysis show that
Tier 3 has been met.

Evidence supporting each of the Tier levels is detailed below.

2.1 Tier 1 Analysis

This section details the tracking of smoke and wildfire emissions to Michigan prior to
and on the event days of June 19 and July 25, 2023.

2.1.1 Tracking Smoke and Wildfire Emissions  Transport to Michigan

June 19, 2023, Event

The satellite imagery and surface maps in Figure 16 start on June 14 and highlight a
cold front approaching from the northwest. On the satellite images, the extensive dull
gray color represents smoke compared to the brighter white clouds. Behind this
boundary, plumes of smoke filter into the region from wildfires in Canada. The cold front
passed south of the state on June 15 with high pressure and subsidence in its wake. As
the frontal boundary pushed south into Tennessee on June 18 and June 19, an
associated low-pressure area tracked east into central Kentucky. The Great Lakes
region was positioned between the boundary and low-pressure area to the south and a

19



Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment
Area i Coloma Monitor

high-pressure area to the northeast. Smoke reaching the surface was evident from
PMz.s concentrations on June 16 and June 17, which were close to or into the USG
(Orange AQI) range across the Great Lakes region, including west Michigan. Ozone
concentrations followed suit by June 18 and June 19, when levels reached the USG
(Orange AQI) range even though the airmass on those days originated from the north.
PMzs levels remained in the high Moderate (Yellow AQI) range on June 18 and June
19, which indicates smoke lingering at the surface. Maps showing concentrations of
ozone and PMzs from June 17 through June 19 are shown in Figure 17.

Figure 16. Satellite image at 6:30 p.m. (left) and surface analysis at 5:00 p .m.
(right); corresponding dates are marked for each row.
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Figure 17. Max. 8-hour ozone concentrations (left) and max. 24-hour daily average

PMz concentrations (right) on  June 17, June 18, and June 19, 2023 (rows listed
by date).
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July 25, 2023, Event

After the high pollution episode at the end of June, wildfire smoke lingered over most of
the Great Lakes through July. During this period, the smoke plumes continued to
influence air quality conditions and by July 24 a thick plume dropped in from the
northwest, substantially impacting the region. This plume was brought in by a frontal
boundary that originated northwest of the region in central Canada that sank southeast,
becoming positioned across the northern Great Lakes region on July 23. This frontal
boundary remained stationary on July 24 and July 25, trapping associated smoke at the
surface. On July 24, concentrations of PM2.5 were mostly Moderate across the state;
however, on July 25, concentrations of PMzs increased between the USG (Orange AQI)
range to Unhealthy (Red AQI) at most monitors in the southern half of the Lower
Peninsula. The elevated PMzs levels are a marker of smoke reaching ground level and
the levels correlate well with the high ozone readings experienced at monitors across
southern Michigan that same day.

Figure 18 shows the progression of the wildfire smoke plume as seen on satellite
imagery, and associated surface maps of July 24 and July 25. On the satellite images,
the extensive dull gray color surrounding the Great Lakes region represents smoke
compared to the less sparse, brighter white clouds. Figure 19 displays ozone and PM2s
concentrations during July 24 through July 25. The increased ozone concentration
corresponds well to the smoke plume seen on satellite imagery and the increased PM2s
concentrations experienced that same day.
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Figure 18. Satellite image at 6:30 p.m. (left) and surface analysis at 5:00 p .m.
(right); corresponding dates are marked for each row.
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Figure 19. Max. 8-hour ozone concentrations (left) and max. 24-hour daily average
PMz2. concentrations (right) on  July 24 and July 25, 2023 (rows listed by date).
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2.2 Tier 2 Analysis

As stated above, the Q/D analysis, Key Factor #1 in the Exceptional Event Guidance, is
not plausible for the 2023 events because the distance between the fire locations and
the monitor location are around 1,700 km apart. For the Q/D analysis to quality, any one
of the fires would need to exceed 170,000 tons per year. However, Key Factor #2 in the
Exceptional Event Guidance is met when either the event related concentration is in the
99% percentile of the 5-year distribution of 0zone monitoring data or is among the four
highest ozone concentrations seen in 2023. Key Factor #2 is met for both event days.

This section of the demonstration shows how June 19 and July 25, 2023, met Key
Factor #2. Along with this information, a HYSPLIT trajectory and additional pollutant
analysis link fire emissions and smoke to ozone in Michigan on June 19 and July 25,
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2023. Evidence in this section shows a clear causal relationship, linking the Canadian
wildfire smoke to increased pollution levels on the event days.

2.2.1 Comparison of event with historical concentrations

The event days of July 19 and July 25, 2023, did not meet the Tier 1 threshold.
However, Figure 20 shows that the Coloma monitor recorded MDA8 ozone
concentrations above the 5-year (2021-2025) 99th percentile value on June 19 and July
25. The concentrations of June 19 and July 25 are also the 3™ and 2"? highest levels
recorded at the Coloma monitor in 2023. The concentrations on these two days are
above the five-year 99" percentile and are among the top four concentrations for the
year, meeting Key Factor #2. Therefore, the concentrations on June 19 and July 25 are
considered outliers based on the Exceptional Events Guidance.

Figure 20. MDAS8 ozone concentrations at the Coloma monitor in 2023.
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2.2.2 HYSPLIT trajectory analysis and additional pollutant analysis

Additional date-specific information supporting the exclusion of ozone concentrations
on June 19 and July 25, 2023, due to wildfire influence are detailed below. This
information includes HMS Smoke maps, surface and upper-level weather maps,
HYSPLIT trajectories, and PMz.s concentrations.

June 19, 2023

A cold front dropping in from Canada brought a large plume of wildfire smoke that
moved from north to south across the Great Lakes region on June 14 and June 15. As
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mentioned above, PM25 concentrations increased into the USG range on June 16 and
June 17 across parts of Michigan. This is strong evidence of smoke reaching the
surface as an airmass change with northerly winds behind a cold frontal passage
normally results in Good (Green AQI) PMzs levels. Wildfire smoke continued over the
region through June 18 and June 19. The existence of smoke was highlighted in the
NOAA Office of Satellite and Product Operations?® - Satellite Imagery and Smoke Text
Products from June 18 and June 19. These products show moderate to thick smoke
over the Great Lakes region both days.

Figure 21. HMS smoke maps and smoke text products for June 18 (top row) and
June 19, 2023 (bottom row).
gV : :
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Sunday, June 18, 2023

DESCRIPTIVE TEXT NARRATIVE FOR SMOKE/DUST OBSERVED IN SATELLITE IMAGERY
THROUGH 1645Z June 18, 2823

SMOKE :

Canada/United States/Atlantic Dceané€:

Cloudiness has spread over some of the wildfires in various spots across
Canada which has affected both fire and smoke detection in satellite
imagery. This was especially true over western and central Canada. The
numerous large wildfires (some of which are still visible in satellite
imagery), which have been scattered across portions of the southern half
of Canada generally from northern British Columbia and the southwestern
part of the Northwest Territories eastward over the southern tier of
Canadian provinces to Quebec over the past number of weeks, continued

to result in a patches of moderate to thick density smoke which covered
parts of Canada. Moderate to thick smoke also spread to the south and
southeast from the Upper Mississippi Valley and Great Lakes regions to and
off the Mid-Atlantic and southeastern U.S. coast. Thinner density smoke
from these fires covered a sizable part of the Atlantic reaching as far
east as Europe. Embedded relatively smaller areas of moderate to thick
density smoke were also seen over the northern Atlantic. In addition,

it is likely that the southern portion of the smoke from Canada merged
with smoke spreading northward from Mexico somewhere over the south
central and southeastern U.S.

Monday, June 19, 2023

DESCRIPTIVE TEXT NARRATIVE FOR SMOKE/DUST OBSERVED IN SATELLITE IMAGERY
THROUGH 1555Z June 19, 2023

SMOKE :

Canada/United States/Atlantic Oceana€|

Wildfire activity in Canada was relatively less pronounced earlier

this morning with large active clusters limited to central Quebec and
central Ontario. Those areas coincide with the highest concentration of
smoke in the satellite imagery. Despite the reduction in fire activity,
moderate-density smoke continued to impact a large area extending

from northeastern Manitoba, covering much of Ontario, western Quebec,
descending into the Great Lakes and adjacent areas, and further into the
Mid-Atlantic U.S. and over the Atlantic ocean waters to the east. Lighter
density smoke was observed over the areas above, and extended into

most of northern Canada from the Northwestern Territories all the way

to Newfoundland and the Labrador Sea, and over the eastern half and

the U.S. Changes to the prevailing weather pattern are likely to help
improve air guality conditions across across the Mid-West and Mid-Atlantic
U.S. states since the bulk of the smoke can now be seen moving away from
those areas and towards the northeast and over the Atlantic ocean.

Figure 22 shows the surface weather maps and the 850 millibar (mb) and 500 mb
analysis maps for June 18 and June 19 (su
Weather Prediction Center?’and t he upper air maps are f
Center).?® The frontal boundary that passed the region on June 15 pushed south into
Tennessee on June 18, and on June 19, an associated low-pressure area tracked east

into central Kentucky. The Great Lakes region was positioned between the boundary

and a low-pressure area to the south and a high-pressure area to the northeast. Light

east to southeast winds were prevalent at the surface and upper levels. Smoke

26 Hazard Mapping System Fire and Smoke Product
27 \Weather Prediction Center - North American Surface Analysis
28 storm Prediction Center - Surface and Upper Air Maps

27


https://www.ospo.noaa.gov/Products/land/hms.html
https://www.wpc.ncep.noaa.gov/html/sfc2.shtml
https://www.spc.noaa.gov/obswx/maps/

Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment
Area i Coloma Monitor

remained over the region, and by June 18 ozone concentrations began increasing over
the state, which continued into June 19.

Figure 22. Surface weather maps (18z), 850 mb and 500 mb analysis (12z) (left to
right) for June 1 8 (top row) and June 19, 2 ow).
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HYSPLIT back and forward trajectories were created in AirNow Tech Navigator?® and
show the origin, transport, and fate of the smoke plumes that caused the high ozone
concentrations at the Coloma monitor on June 19, 2023 (Figure 23). The backward
trajectory was released on June 19, going back to June 16, and corresponds with the
forward trajectory that was released on June 16, going forward to June 19. The
coincidence of the trajectories shows the southerly transport of the airmass near the
fires between June 16 and June 19, and shows that the airmass on June 19 originated
from north/northeast of the Great Lakes on June 16. These flow pattens lend evidence
that smoke associated with the wildfires in Quebec was transported into the Great
Lakes region, causing high ozone concentrations on June 19. These trajectories also
align well with the surface and upper-level wind patterns shown during this period.

29 AirNow Tech
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Figure 23. June 19, 2023, HYSPLIT 72-hour back trajectory (left) and June 16,
2023, HYSPLIT 72-hour forward trajectory (right) between south west Michigan
and wildfire smoke sources in Quebec (green 100 m, blue 500 m, red 1 ,000 m).
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Figure 24 represents the 72-hour back-trajectories generated from the HYSPLITC
model at three starting heights: 100 m AGL (red), 500 meters (m) (blue), and 1.000 m
(green) from southwest Michigan. The trajectories were initiated at different starting
heights to capture transport and to show ozone precursors were transported from aloft
and influenced ozone concentrations at the surface through vertical mixing.

The trajectories show the airmasses 72 hours prior to June 19 originated from north of
the region. Graphs below the trajectories show that the airmass originating above 1,500
m on June 17 was brought to the surface by vertical mixing early on June 19, remaining
near surface throughout the day. Vertical mixing is also shown bringing air parcels down
to 500 m (blue) and 1,000 m (green) as those parcels originated at roughly 1,000 m
(blue) and 1,500 m (green) the evening of June 18, with both parcels sinking to around
500 m by 12z on June 19. This is an indication of vertical mixing, bringing smoke to the
surface.

30 NOAA Air Resource Laboratory - HYSPLIT
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Figure 24. HYSPLIT 72-hour back trajector ies showing elevation ending June 19,
2023, in south west Michigan (red 100 m, blue 500 m, green 1 ,000 m).
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Figure 17 above shows increasing PM2.s concentrations with 24-hour daily averages in
the upper Moderate to USG range across most of the Great Lakes region on June 17.
The elevated ozone concentrations followed suit with increases into the USG range in
the western portion of the Great Lakes region on June 18 and USG ozone continued
through June 19. The increase in surface PM2.s concentrations June 17 through 19
lends support to enhanced surface precursors due to wildfire smoke making it to the
surface and causing increased ozone concentrations on June 19.

To further support precursors being present at the surface during this smoke episode,
below is a graph (Figure 25) that shows the hourly PM2.s concentrations at the Holland
and Jenison monitors in southwest Michigan from June 16 through June 19, 2023
(Coloma does not record PM2.s concentrations). Hourly concentrations of PM2.s began
increasing in the afternoon of June 16 and hourly levels reached close to 40 ug/m? at
the Jenison monitor (hourly data from the Holland monitor was only available for part of
this period). These are not typical levels, especially with a light east to southeast wind
and an airmass originating from the north. Hourly levels close to 30 ug/m? were reported
on the afternoon of June 17 (Jenison), and hourly values increased to over 30 ug/m? on
June 18. The highest hourly concentrations of PM2.s during this period are well above
the 5-year (2021-2025) 98" percentile of the PM2.5 daily average at the Jenison monitor,
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which is 27 ug/m3. The increase in hourly PM25 on June 18 aligns with the increase in
hourly ozone that same day. On June 19, hourly levels of PMzs reached above 25
ug/m3 contributing to another day of high ozone concentrations and providing further
evidence of smoke lingering at the surface. Figure 26 shows hourly ozone
concentrations at the Coloma monitor for the same time period.

Figure 25. Hourly PMzs at the Holland and Jenison Michigan monitor s on
June 16-June 19, 2023.
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Figure 26. Hourly ozone at the Coloma monitor on June 1 6-June 19, 2023.
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July 25, 2023

As shown in Figure 18 above, on July 24 there was a frontal boundary extending across

central Minnesota, east to the Straits of Mackinac, and continuing northeast into

Quebec. This boundary originated from northwest of the region and smoke accumulated

along the boundary from Canadian wildfires. In fact, as highlighted in the NOAA Office

of Satellite and Product Operations3! - Satellite Imagery and Smoke Text Products from

July 24 and July 25, smoke covered virtually all the U.S. during this period, and on July

25, Athick to very thick smokedo covered fAcent
and Great Lakes region. o

Figure 27. HMS smoke maps and smoke text products for July 24 (top row) and
JquZ, 023 (bottom row). _

Monday, July 24, 2823

DESCRIPTIVE TEXT MARRATIVE FOR SMOKE/DUST OBSERVED IN SATELLITE IMAGERY
THROUGH 16@8Z July 24, 2823

SMOKE :

Canada/United States/Atlantic Ocean/Northern Mexico/Pacific Ocean off
the U.S. West Coast and south Mexico/Northern Gulf of Mexico&€|

The enormous area of smoke primarily from the Canadian wildfires
continues to be seen covering virtually all of Canada and most of the
U.S. including most of Alaska, along with the northern half of Mexico,
much of the central and northern Atlantic, and the northeastern Pacific
off southern Alaska and northwest coast of Canada. Within this larger
area of thin density smoke were batches of moderate to thick density
smoke. The thick to very thick smoke that covered eastern Alaska and much
of northern Canada within the Northwestern Territories and extending
southeast through central Canada and into the Midwestern states of
Minnesota and Wisconsin was associated from numerous wildfires in
western and northwestern Canada. The moderate smoke from these fires
extended from Alaska and Pacific Ocean off of the southern Alaskan
coast, through western/central Canada, and moving to the southeast/east
where it eventually settled into eastern Canada, where fires in Quebec
were previously seen producing localized moderate to thick smoke, but
cloud cover precluded todaya€™s analysis in the region. This smoke also
extended well over the northwestern and north central U.S., covering
much of Mid-west and Mississippi valley region.

Tuesday, July 25, 2823

DESCRIPTIVE TEXT NARRATIVE FOR SMOKE/DUST OBSERVED IN SATELLITE IMAGERY
THROUGH 16@0Z July 25, 2023

SMOKE :

Canada/United States/Atlantic Ocean/Northern Mexico/Pacific Ocean off
the U.S. West Coast and south Mexico/Northern Gulf of Mexicoa€]

The enormous area of smoke primarily from the Canadian wildfires
continues to be seen covering virtually all of Canada and most of the
U.S. including most of Alaska, along with the northern half of Mexico
and the northeastern Pacific off southern Alaska and southwest coast

of Canada. Within this larger area of thin density smoke were batches
of moderate to thick density smoke. The thick to very thick smoke that
covered much of northern Canada within the Northwestern Territories and
extending southeast through central Canada and into the Midwestern states
and Great Lakes region was associated from numerous wildfires in western
and northwestern Canada. The moderate smoke from these fires extended
from Alaska and Pacific Ocean off of the southern Alaskan coast, through
central Canada, and moving to the southeast/east where it eventually
settled into eastern Canada, where fires in Quebec were previously seen
producing localized moderate to thick smoke, but cloud cover precluded
todaya€™s analysis in the region. This smoke also extended well over
the northwestern and north central U.S., covering much of Mid-west,
Mississippi valley region and northeastern U.S.

Figure 28 shows the surface weather maps and the 850 mb and 500 mb analysis maps

for July 24 and July 25 (surface weather maps
Center?and the upper air maps are fr 0STh8dlOAAGsSs St
surface maps show the progression on the frontal boundary. Surface winds were light

during the period; however, upper-level maps show there was a northwesterly flow over

the region during those days. A northwesterly upper-level flow is not conducive to ozone

31 Hazard Mapping System Fire and Smoke Product
32 Weather Prediction Center - North American Surface Analysis
33 Storm Prediction Center - Surface and Upper Air Maps
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development. This suggests other factors, like precursors from smoke, are causing the
increases in ozone concentrations on July 25.

Figure 28. Surface weather maps (18z), 850 mb and 500 mb analysis (12z) (left to
rlght) for Ju Iy 24 (top row) and Ju Iy 25, 2023 (bottom row)
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HYSPLIT back and forward trajectories were created in AirNow Tech Navigator®* and
show the origin, transport, and fate of the smoke plumes that caused the high surface
ozone concentrations at the Coloma monitor on July 25, 2023 (Figure 29). The
backward trajectory was released on July 25, going back to July 22, and corresponds
with the forward trajectory that was released on July 22, going forward to July 25. The
coincidence of the trajectories shows the southeasterly transport of the airmass near the
fires between July 22 and July 25, and shows that the airmass over west Michigan on
July 25 originated northwest of the Great Lakes region on July 22. These flow pattens
provide evidence that smoke assoicated with the wildfires in central Canada was
transported into the Great Lakes region, causing high ozone concentrations on July 25.
These trajectories also align well with the surface and upper-level wind patterns during
this period.

34 AirNow Tech
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	Introduction 
	The following is Michigan’s Exceptional Event (EE) Demonstration, which clearly establishes that plumes from Canadian wildfires adversely affected ozone data in a regulatorily significant way at the Coloma monitor (26-021-0014) in the Berrien County 2015 ozone nonattainment area (NAA) during June and July 2023. The late spring/summer of 2023 was an unusually active wildfire season for Canada. By the middle of May, fires had developed in western and central Canada, and by the start of June, more fires develo
	 
	There were several days during the summer of 2023 when wildfire smoke influenced ozone leading to increased concentrations. Maximum daily 8-hour average ozone (MDA8) concentrations at the Coloma monitor on the event days highlighted in this demonstration exceeded the 2015 ozone National Ambient Air Quality Standard (NAAQS) after the precursor-rich wildfire smoke plume subsided to the surface (Figure 1). The Coloma MDA8 concentration reached 79 parts per billion (ppb) on June 19, and 83 ppb on July 25. These
	 
	Figure 1. Ozone AQI maps on June 19 (left) and July 25 (right), 2023. 
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	Table 1 presents the 2023-2025 4th high ozone concentrations and the 2023-2025 design value (DV) for the Coloma monitor prior to and after EE concurrence. 
	 
	  
	Table 1. 2023-2025 4th high ozone concentrations and the 2023-2025 DV for the Coloma monitor prior to and after EE concurrence. 
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	2025 4th High 

	2025 DV 
	2025 DV 
	(ppb) 

	EE Status 
	EE Status 



	Coloma 
	Coloma 
	Coloma 
	Coloma 

	26-021-0014 
	26-021-0014 

	78 
	78 

	65 
	65 

	70 
	70 

	71 
	71 

	Prior to EE concurrence 
	Prior to EE concurrence 


	Coloma 
	Coloma 
	Coloma 

	26-021-0014 
	26-021-0014 

	77 
	77 

	65 
	65 

	70 
	70 

	70 
	70 

	After EE concurrence 
	After EE concurrence 




	 
	Table 2 identifies the Michigan regulatory significant monitors that were affected by smoke transport on and leading up to the days of June 19 and July 25, 2023, and as such data from those two days should be excluded from regulatory determinations.  
	 
	Table 2. Ozone data requested for exclusion 
	Nonattainment Area 
	Nonattainment Area 
	Nonattainment Area 
	Nonattainment Area 
	Nonattainment Area 

	Monitor ID 
	Monitor ID 

	Site Name 
	Site Name 

	MDA8 and year rank (ppb) 
	MDA8 and year rank (ppb) 

	Dates 
	Dates 



	Berrien County 
	Berrien County 
	Berrien County 
	Berrien County 

	26-021-0014 
	26-021-0014 

	Coloma 
	Coloma 

	79 (3) 
	79 (3) 

	June 19, 2023 
	June 19, 2023 


	Berrien County 
	Berrien County 
	Berrien County 

	26-021-0014 
	26-021-0014 

	Coloma 
	Coloma 

	83 (2) 
	83 (2) 

	July 25, 2023 
	July 25, 2023 




	 
	Exceptional Events Rule Requirements 
	The United States Environmental Protection Agency’s (USEPA) Treatment of Data Influenced by Exceptional Events (Exceptional Event Rule, 81 Federal Register (FR) 68216) provides the requirements that air agencies must meet when requesting the USEPA to exclude EE-related concentrations from regulatory determinations. All the required elements under Title 40 of the Code of Federal Regulations (CFR) 50.14(c)(1)(i), 40 CFR 50.14(c)(3)(iv)(A–E), and 40 CFR 50.14(c)(3)(v)(A-C) are included in this demonstration. 
	•
	•
	•
	 A narrative conceptual model that describes the event(s) causing the exceedance or violation and a discussion of how emissions from the event(s) led to the exceedance or violation at the affected monitor(s), including analyses comparing the claimed event-influenced concentrations to concentrations at the same monitoring site at other times. () 
	Section 1
	Section 1



	•
	•
	 A demonstration that the event affected air quality in such a way that there exists a clear causal relationship between the specific event and the monitored exceedance or violation. () 
	Section 2
	Section 2



	•
	•
	 A demonstration that the event was both not reasonably controllable and not reasonably preventable. () 
	Section 3
	Section 3



	•
	•
	 A demonstration that the event was a human activity that is unlikely to recur at a particular location or was a natural event. () 
	Section 4
	Section 4



	•
	•
	 A demonstration that the public was notified of the occurrence of the event(s). () 
	Section 5
	Section 5



	•
	•
	 Documentation that the Michigan Department of Environment, Great Lakes, and Energy (EGLE) followed the public comment process. () 
	Section 5
	Section 5




	Exceptional Event Demonstration 
	1. Narrative Conceptual Model 
	1.1 Area Description 
	Monitoring Data  
	As shown in Figure 2, Michigan has three 2015 ozone NAAs in west Michigan: Muskegon County (partial county), Allegan County (partial county), and Berrien County. This document has been prepared to address wildfire smoke events that impacted the Coloma monitor in the Berrien County NAA. 
	 
	Figure 2. West Michigan 8-hour ozone NAAs (2015 NAAQS). 
	  
	Figure
	On June 4, 2018 (83 FR 25776), the USEPA made the final designations and classifications for Michigan, including designating Berrien County as marginal nonattainment, effective August 3, 2018. On October 7, 2022 (87 FR 60897), the USEPA determined that Berrien County failed to attain the 2015 ozone NAAQS by the applicable attainment date and reclassified the area to moderate nonattainment, effective November 7, 2022. The NAA was further reclassified to serious nonattainment after the USEPA published its fin
	after the NAA failed to meet the standard by the applicable attainment deadline (August 3, 2024). 

	 
	As a result of the initial designations and subsequent reclassifications for the NAA described above, the State of Michigan submitted State Implementation Plans (SIP) pursuant to the requirements applicable to marginal and moderate ozone NAAs and is currently drafting its SIP to meet the relevant requirements for serious ozone NAAs. 
	 
	Ozone has decreased in the Berrien County NAA. Figure 3 shows the number of days since 2012 that the Coloma monitor exceeded 70 ppb (days in 2023 and 2025 with obvious wildfire smoke influence were excluded). 
	 
	Figure 3. Number of days exceeding 2015 ozone NAAQS level of 70 ppb in the Berrien County NAA. 
	 
	Figure
	1 2023 smoke influenced days of June 10, June 18, and June 29 were excluded, as were the event days in this demonstration of June 19 and July 25, 2023. The 2025 smoke influenced days of June 11, June 12, and July 15 were excluded. 
	 
	The Coloma site (Berrien County; Monitor ID 26-021-0014; Lat 42.197778, Lon-86.309722) is a seasonal ozone site intended to monitor population exposure. This site is located in the southwest corner of the state and is a State and Local Air Monitoring Stations (SLAMS) site that measures ozone and meteorological parameters such as wind speed, wind direction, and ambient temperature. 
	 
	The Holland site (Allegan County; Monitor ID 26-005-0003; Lat 42.767778, Lon -86.148611) is a neighborhood scale site intended to monitor population exposure and a site that conducts enhanced ozone monitoring. This site is located southwest of Grand Rapids and is a SLAMS site that measures seasonal ozone and year-round nitrogen dioxide (direct NO2), particulate matter 2.5 microns and smaller (PM2.5), speciated PM2.5, and meteorological parameters such as wind speed, wind direction, ambient temperature, and 
	The Jenison site (Ottawa County; Monitor ID 26-139-0005; Lat 42.894444, Lon -85.852778) is a neighborhood scale site intended to monitor population exposure. This site is located west of Grand Rapids and is a SLAMS site that measures seasonal ozone and year-round particulate matter 2.5 microns and smaller (continuous PM2.5), particulate matter 10 microns and smaller (continuous PM10), and meteorological parameters such as wind speed, wind direction, and ambient temperature. 
	 
	Figure 4 presents the location of the Coloma monitor in southwest Michigan that collects ozone data. Also displayed are the locations of the Holland and Jenison monitors, which collect PM2.5 data that were included in this EE demonstration. 
	 
	Figure 4. Ozone monitor located in Coloma and PM2.5 monitors located in Holland and Jenison. 
	  
	Figure
	1.2 Characteristics of non-exceptional event (typical) ozone formation 
	The Lake Michigan Air Directors Consortium (LADCO) conducted a Classification and Regression Tree (CART) analysis to determine meteorological conditions most commonly associated with high ozone days in ozone NAAs in the LADCO region; Berrien County was included in this analysis. Based on the CART analysis, the most dominant weather conditions for ozone development in Berrien County are afternoon temperatures greater than 85 degrees Fahrenheit and average relative humidity levels 
	less than 65%.
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	Classification and Regression Tree (CART) Analysis for LADCO Ozone Nonattainment Areas: 2001-
	Classification and Regression Tree (CART) Analysis for LADCO Ozone Nonattainment Areas: 2001-
	2023




	 Other factors that historically have led to increased ozone levels are sunny skies, warmer upper-level temperatures, and southerly or westerly flow. 

	 
	An additional factor that leads to ozone development is transport into the region. Southerly wind patterns will transport emissions from sources south of Michigan over Lake Michigan. The development of an afternoon lake breeze brings emissions from over the lake onshore and into southwest Michigan. A typical event generally starts with a “build-up” day where pollution begins increasing into the Moderate (Yellow AQI) range over the area. If the weather conditions explained above remain over the region for tw
	 
	In this document, the impact wildfire smoke had on ozone concentrations at the Coloma monitor during events in June and July 2023 is discussed. Historical ozone records were examined to discern the potential impact wildfire smoke may have had on the monitor. The 8-hour ozone DV is the three-year running average of the 4th highest MDA8 ozone concentration (40 CFR Part 50, Appendix U).  
	 
	During much of the late spring into summer of 2023, increased ozone occurred during periods with a northerly component to the wind, conditions that are not typical for increased ozone concentrations. The airmasses during these events originated from well north of Michigan across parts of western, central, and eastern Canada where wildfires were ongoing. On both event days, enhanced vertical mixing brought wildfire smoke-influenced precursors to ground level. 
	 
	Figure 5 and Figure 6 below show the five-year historical record and seasonality of MDA8 ozone concentrations, along with the 99th percentile and NAAQS ozone concentrations at the Coloma monitor. The event days of June 19 and July 25, 2023, rank above the 99th percentile and the days were ranked the 3rd highest (June 19) and 2nd highest (July 25) concentrations in 2023. 
	 
	  
	Figure 5. Time series of 2021-2025 MDA8 ozone concentrations at the Coloma monitor. Data for June 19 and July 25, 2023, are shown in red (2025 monitoring data are preliminary). 
	 
	Figure
	 
	Figure 6. Seasonality of 2021-2025 ozone concentrations from the Coloma monitor. Data for June 19 and July 25, 2023, are shown in red (2025 monitoring data are preliminary). 
	 
	Figure
	1.3 Wildfire description 
	The 2023 wildfire season in Canada brought a recorded total of 7,131 fires burning a total of 17,203,625 hectares (ha). For the purpose of this document, we will be focusing on the wildfires that took place in the provinces of Saskatchewan, Manitoba, Ontario, and Quebec. According to the Canadian Interagency Forest Fire Centre (CIFFC) Canada Report for the 2023 season, 462 fires burned 1,850,829 ha in Saskatchewan, 300 fires burned 198,633 ha in Manitoba, 743 fires burned 441,473 ha in Ontario, and 713 fire
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	Canadian Interagency Forest Fire Centre | Canada Report 2023 Fire Season
	Canadian Interagency Forest Fire Centre | Canada Report 2023 Fire Season





	 
	Table 3 below documents how extreme the 2023 wildfire season was compared to the average.  
	 
	Table 3. Comparison of Canada’s 2023 wildfire season with Canada’s 10-year average
	Table 3. Comparison of Canada’s 2023 wildfire season with Canada’s 10-year average
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	Number of Fires 
	Number of Fires 

	Area Burned (ha) 
	Area Burned (ha) 



	2023 wildfire season 
	2023 wildfire season 
	2023 wildfire season 
	2023 wildfire season 

	7,131 
	7,131 

	17,203,625 
	17,203,625 


	10-Year Average  
	10-Year Average  
	10-Year Average  

	5,350 
	5,350 

	2,718,762 
	2,718,762 




	 
	The wildfire season started off with temperatures between May and July higher than the past 80 years. Additionally, dry conditions were observed throughout May, June, and July in the Canadian provinces. Agriculture and Agri-Food Canada (AAFC) Drought Monitor reports for April through July 2023 document increasing intensity in short-term (less than 6 months) and long-term (longer than 6 months) drought throughout Canada. The figures below, from the AAFC, document the spread of drought conditions from spring 
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	Government of Canada | Canada's record-breaking wildfires in 2023: A fiery wake-up call
	Government of Canada | Canada's record-breaking wildfires in 2023: A fiery wake-up call




	4
	4

	4
	4
	4   
	4   
	Agriculture and Agri-Foods Canada (AAFC) | Canadian Drought Monitor
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	CBS News | How did the 2023 Canadian wildfires start? A look at what caused the fires that are sending 
	CBS News | How did the 2023 Canadian wildfires start? A look at what caused the fires that are sending 
	smoke across the US.





	 
	  
	Figure 7. AAFC Canadian Drought Monitor maps showing drought intensity for April through July 2023 (upper left to lower right). Drought intensity increases from yellow (abnormally dry) to dark red (exceptional drought).  
	  
	Figure
	Figure
	  
	Figure
	Figure
	 
	The following information in this section details fire conditions leading up to and including the event days of June 19 and July 25, 2023.  
	 
	As warmer temperatures and drought continued into June, wildfires spread and ignited across Canada. Figures 8 and 9 below include maps from the Canadian Wildland Fire Information System (CWFIS) and AirNow Tech Navigator. These maps identify active wildfire locations on June 19 across Ontario and central Quebec. It should be noted that the majority of these wildfires were ignited on or just after June 1 when significant lightning occurred. After June 1 the majority of these wildfires strengthened and increas
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	Canadian Wildland Fire Information System | Interactive map (nrcan.gc.ca)
	Canadian Wildland Fire Information System | Interactive map (nrcan.gc.ca)
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	can be seen in Figure 10 below. Wildfire 334 and numerous wildfires in the southern and central Quebec areas caused several communities to be evacuated, not once, but several times. Between the Lebel-sur-Quevillon, Sept-Iles, Innu, and Cree communities in Quebec, at least 12,000 people were evacuated in June.
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	Forest fires in Northern Quebec: Another 2,000 evacuated from their homes
	Forest fires in Northern Quebec: Another 2,000 evacuated from their homes
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	Wildfires: Evacuation orders for Lebel-sur-Quevillon and Cree community Mistissini | CTV News
	Wildfires: Evacuation orders for Lebel-sur-Quevillon and Cree community Mistissini | CTV News




	 In some cases, the communities were displaced for 17 days.
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	Evacuation order lifted in northern Quebec town after wildfires, but risk remains | Global News
	Evacuation order lifted in northern Quebec town after wildfires, but risk remains | Global News




	 

	 
	Figure 8. CWFIS map for June 19, 2023. Red-, blue-, and yellow-colored dots indicate active wildfire locations. 
	 
	Figure
	 
	  
	Figure 9. AirNow Tech map for June 19, 2023. Gray shaded areas are Hazard Mapping System (HMS) smoke and red triangles indicate active wildfire locations, and colored circles are daily 24-hour PM2.5 AQI levels. 
	  
	Figure
	 
	Figure 10. Picture of wildfire 334 in Quebec  
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	Quebec wildfires: Cree community of Mistissini orders evacuation due to heavy smoke | The Gazette
	Quebec wildfires: Cree community of Mistissini orders evacuation due to heavy smoke | The Gazette





	 
	Figure
	COC007 
	The COC007 fire was ignited on June 2 in eastern Ontario, and at its peak the fire reached 37,742 ha. A picture of COC007 can be seen in Figure 11 below. According to the CIFFC Canada Report for the 2023 season: 
	 
	“It created a significant amount of smoke that travelled southwards alongside smoke from several large fires in Northern Quebec, impacting areas as far south as the Greater Toronto Area and the National Capital Region within Canada.” 
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	Figure 11. A picture of wildfire COC007 
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	Nearly 300K hectares burned in Ontario wildfires, extremely poor air quality continues | CTV News 
	Nearly 300K hectares burned in Ontario wildfires, extremely poor air quality continues | CTV News 
	Northern Ontario





	 
	Figure
	 
	 
	In addition to the news articles discussed above, review of the area forecast discussions (AFD) from the Grand Rapids (GRR) National Weather Service (NWS) office document the presence of wildfire smoke. The AFDs were obtained from the Iowa State University, Iowa Environmental Mesonet, and below is a portion of an AFD for context and reference. 
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	June 18, 2023 – NWS GRR 
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	National Weather Service Text Product AFD GRR - June 18, 2023
	National Weather Service Text Product AFD GRR - June 18, 2023





	 
	“Skies here at the office look milkier than early today due to an influx of near surface smoke from the northwest, as was advertised by the HRRR-Smoke model to occur. This same guidance suggests a westward push of the greater smoke concentrations 
	towards the lakeshore early tonight. But this will be followed by a reinforcement of smoke from the south early Sunday as winds veer in direction.” 

	 
	Wildfire smoke lingered over most of the Great Lakes Basin through July and wildfires present on July 25 across Saskatchewan, Manitoba, Ontario, and Quebec can be seen in Figures 14 and 15 below. Numerous wildfires remain ablaze from the June 1 lightning event, continued to grow, and impact the Canadian provinces and the U.S. On July 25, 54 wildfires were burning in Manitoba, with five of those wildfires starting in the previous 24 hours. Two of the larger wildfires in Manitoba are discussed below. 
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	Province of Manitoba | July 25, 2023, Fire Situation Report





	 
	WE018 
	The WE018 Fire was ignited by lightning on June 16, in western Manitoba. At its peak, the fire reached 13,381 ha and concluded by October 19, 2023.  
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	Figure 12. Fire perimeter map for wildfire WE018. Black outline with red shading is the approximate fire perimeter.  
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	WE027  
	The WE027 Fire was ignited by lightning on June 29, in western Manitoba. At its peak, the fire reached 22,000 ha and concluded on September 9, 2023.  
	 
	Figure 13. Fire perimeter map for wildfire WE027. Black outline with red shading is the approximate fire perimeter.  
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	Figure
	 
	By mid-July, west Michigan was no stranger to air quality alerts and haze associated with the smoke from continuous wildfires in Canada. Locally, in west Michigan, most news articles around July 25, 2023, consisted of the reminder of another air quality alert for the area associated with wildfire smoke from Canada. However, a few news articles highlighted smoke making its way back into the region during this period. 
	 
	“The satellite shows we have a long plume of smoke aimed at Michigan. Weather computer models show we better plan on a smoky few days at least.” 
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	See the next blob of smoke heading toward Michigan; Whole state in air alert
	See the next blob of smoke heading toward Michigan; Whole state in air alert





	“Chicago, Minneapolis, and Detroit, Michigan, were ranked among the most polluted cities in the world as of Tuesday evening, according to global pollution tracker . The smoke has drifted over the Great Lakes region, in particular, as about 1,090 active fires blaze throughout Canada, more than 670 of which are considered ‘out of 
	IQAir
	IQAir

	Span
	control,’ according to the Canadian Interagency Forest Fire Centre. That’s up from more than 880 fires there last week.”
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	Smoke from hundreds of Canadian wildfires blankets northern US cities with air pollution | CBS News
	Smoke from hundreds of Canadian wildfires blankets northern US cities with air pollution | CBS News




	 

	“Since the wildfires began in May, their smoke has continued to drift into the U.S. and has been particularly heavy in the Great Lakes region this summer.” 
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	Wildfire smoke continues to encapsulate Michigan, affect air quality Wednesday | WDIV Click on 
	Wildfire smoke continues to encapsulate Michigan, affect air quality Wednesday | WDIV Click on 
	Detroit





	 
	In addition to the news articles, AFDs from the GRR NWS office also documented the presence of wildfire smoke. The AFDs were obtained from the Iowa State University, Iowa Environmental Mesonet and portions of some AFDs are included below for context and reference. 
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	Iowa Environmental Mesonet National Weather Service Raw Text Product | Iowa State University
	Iowa Environmental Mesonet National Weather Service Raw Text Product | Iowa State University





	 
	July 24, 2023 – NWS GRR 
	19
	19
	19  
	19  
	National Weather Service Text Product AFD GRR - July 24, 2023
	National Weather Service Text Product AFD GRR - July 24, 2023





	 
	“Smoke seen on satellite imagery will continue to filter into the area, resulting in a continuation of smoke/haze well into the day Tuesday; this was the main impetus for the Air Quality Alert issued by the Michigan Department of Environment, Great Lakes, and Energy (EGLE).” 
	  
	July 25, 2023 – NWS GRR 
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	National Weather Service Text Product AFD GRR - July 25, 2023
	National Weather Service Text Product AFD GRR - July 25, 2023





	 
	“Higher concentrations of smoke are located upstream as displayed by the AirNow PM2.5 page. Some values are in excess of 100 and this may push in today on southwest winds. The RAP smoke and HRRR smoke models indicate that this will be the case. That said, these values are much lower than what we saw earlier this summer where visibilities were impacted fairly significantly. Bottom line, we will see smoke today in the sky with the hazy sunshine being very apparent.” 
	 
	  
	Figure 14. CWFIS map for July 25, 2023. Red-, blue-, and yellow-colored dots indicate active wildfire locations. 
	 
	Figure
	 
	  
	Figure 15. AirNow Tech map for July 25, 2023. Gray shaded areas are HMS smoke and red triangles indicate active wildfire locations, and colored circles represent the daily 24-hour PM2.5 AQI levels. Unhealthy for Sensitive Groups (orange) to Unhealthy (red) across parts of the Great Lakes and Ohio Valley regions. 
	 
	Figure
	 
	Table 4 lists AQD forecasts and air quality alerts that were issued leading up to and during the event days in this demonstration. These products were sent to notify the public of deteriorating air quality conditions due to wildfire smoke. 
	 
	Table 4. AQD forecasts and air quality alerts for the June and July 2023 Canadian wildfire smoke episodes 
	Date 
	Date 
	Date 
	Date 
	Date 

	Agency 
	Agency 

	Message 
	Message 



	June 18, 2023 
	June 18, 2023 
	June 18, 2023 
	June 18, 2023 

	AQD Air Quality Forecast 
	AQD Air Quality Forecast 
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	June 19, 2023 
	June 19, 2023 
	June 19, 2023 

	AQD Air Quality Forecast 
	AQD Air Quality Forecast 
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	Appendix A




	July 24, 2023 
	July 24, 2023 
	July 24, 2023 

	AQD Air Quality Forecast 
	AQD Air Quality Forecast 
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	July 24, 2023 
	July 24, 2023 
	July 24, 2023 

	AQD - Relayed by National Weather Service North Webster, IN 
	AQD - Relayed by National Weather Service North Webster, IN 

	 
	 
	Air Quality Alert
	Air Quality Alert




	July 25, 2023 
	July 25, 2023 
	July 25, 2023 

	AQD Air Quality Forecast 
	AQD Air Quality Forecast 
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	1.4 Conceptual model of ozone formation and transport from wildfires 
	Wildfire smoke plumes contain numerous precursors which are important to photochemical production of tropospheric ozone and can travel thousands of kilometers. Smoke plume transport may cause urban areas, where forest fires seldom occur, to see 
	greater enrichment of ozone, as much as 25 ppb in the northeastern U.S., than areas where wildfire more frequently occur.
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	Many variables, such as type of fuel or forest burned, plume path, and acreage burned, affect the intensity of the fire and ability of a plume to enhance downwind ozone production. Boreal forests, such as those from the Canadian wildfires, contain pine trees as one of the dominant species. Pine forests support an herbaceous ground layer that may be dominated by grasses and forbs that lend themselves to ecologically important wildfires. Emissions from these forests can be much higher than from typical forest
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	Cases have confirmed that ozone production is often observed substantially downwind of the wildfire locations. Information in this demonstration highlights fire locations, meteorological conditions, and how transport brought plumes of smoke from the fires into the Great Lakes region. As stated in an article by Clarity on August 15, 2025, PM2.5 “makes up approximately 90% of the total particle mass emitted by wildfires.”
	Cases have confirmed that ozone production is often observed substantially downwind of the wildfire locations. Information in this demonstration highlights fire locations, meteorological conditions, and how transport brought plumes of smoke from the fires into the Great Lakes region. As stated in an article by Clarity on August 15, 2025, PM2.5 “makes up approximately 90% of the total particle mass emitted by wildfires.”
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	What is wildfire smoke made of? Examining the composition of wildfire-related air pollution
	What is wildfire smoke made of? Examining the composition of wildfire-related air pollution




	 The high concentrations of PM2.5 recorded at west Michigan monitors prior to and on event days gives evidence that precursors from wildfires were brought to surface level and elevated ozone concentrations on June 19 and July 25, 2023, were caused by these wildfire precursors. 

	2. Clear Causal Relationship and Supporting Analyses 
	The USEPA’s Exceptional Event Guidance outlines a three-tiered approach for the clear causal relationship analysis, along with examples of supporting documentation for each tier. 
	 
	A Tier 1 demonstration requires the least amount of evidence and is appropriate for wildfires that clearly influence monitored concentrations, either during a time of year that typically has no exceedances or is clearly distinguishable from non-event concentrations. A Tier 2 demonstration requires more support than a Tier 1 demonstration. The Tier 2 demonstration covers wildfire events that lead to monitored concentrations higher than non-event concentrations, with ratios of fire emissions to fire distance 
	Tier 1 or Tier 2 categories, but a clear causal relationship can be shown by a weight of evidence approach.  

	 
	The June and July 2023 event days occurred during the typical ozone season in Michigan and based on the Exceptional Events Guidance, they do not fall within the Tier 1 category of being 5-10 ppb higher than any non-event related concentrations from the past 5 years (2021-2025). 
	 
	The USEPA guidance states that two key factors must be met in a Tier 2 demonstration. Key Factor #1 is met if the Q/D value for a fire, or the aggregate Q/D across multiple fires, exceeds a conservative value of 100 tons per kilometer (tons/km). As most of the fires seen in 2023 were located approximately 1,700 km away from west Michigan, daily emissions from any one fire would need to exceed 170,000 tons to meet the criteria of a Q/D ≥ 100 tons/km. Emissions from the fires are not large enough to reach the
	 
	Since only one of two key factors necessary for a Tier 2 analysis is met, a Tier 3 analysis was performed. The clear causal relationship in a Tier 3 analysis includes a comparison of historical concentrations, evidence that fire emissions affected the monitor and that emissions were transported to the monitor, and additional evidence that the fire emissions caused the ozone exceedance. The additional evidence can include photochemical modeling, statistical modeling, or a meteorologically (met) adjusted ozon
	 
	Evidence supporting each of the Tier levels is detailed below. 
	2.1 Tier 1 Analysis 
	This section details the tracking of smoke and wildfire emissions to Michigan prior to and on the event days of June 19 and July 25, 2023. 
	2.1.1 Tracking Smoke and Wildfire Emissions Transport to Michigan 
	June 19, 2023, Event 
	The satellite imagery and surface maps in Figure 16 start on June 14 and highlight a cold front approaching from the northwest. On the satellite images, the extensive dull gray color represents smoke compared to the brighter white clouds. Behind this boundary, plumes of smoke filter into the region from wildfires in Canada. The cold front passed south of the state on June 15 with high pressure and subsidence in its wake. As the frontal boundary pushed south into Tennessee on June 18 and June 19, an associat
	high-pressure area to the northeast. Smoke reaching the surface was evident from PM2.5 concentrations on June 16 and June 17, which were close to or into the USG (Orange AQI) range across the Great Lakes region, including west Michigan. Ozone concentrations followed suit by June 18 and June 19, when levels reached the USG (Orange AQI) range even though the airmass on those days originated from the north. PM2.5 levels remained in the high Moderate (Yellow AQI) range on June 18 and June 19, which indicates sm

	 
	Figure 16. Satellite image at 6:30 p.m. (left) and surface analysis at 5:00 p.m. (right); corresponding dates are marked for each row. 
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	Figure 17. Max. 8-hour ozone concentrations (left) and max. 24-hour daily average PM2.5 concentrations (right) on June 17, June 18, and June 19, 2023 (rows listed by date). 
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	July 25, 2023, Event 
	After the high pollution episode at the end of June, wildfire smoke lingered over most of the Great Lakes through July. During this period, the smoke plumes continued to influence air quality conditions and by July 24 a thick plume dropped in from the northwest, substantially impacting the region. This plume was brought in by a frontal boundary that originated northwest of the region in central Canada that sank southeast, becoming positioned across the northern Great Lakes region on July 23. This frontal bo
	 
	Figure 18 shows the progression of the wildfire smoke plume as seen on satellite imagery, and associated surface maps of July 24 and July 25. On the satellite images, the extensive dull gray color surrounding the Great Lakes region represents smoke compared to the less sparse, brighter white clouds. Figure 19 displays ozone and PM2.5 concentrations during July 24 through July 25. The increased ozone concentration corresponds well to the smoke plume seen on satellite imagery and the increased PM2.5 concentra
	 
	  
	Figure 18. Satellite image at 6:30 p.m. (left) and surface analysis at 5:00 p.m. (right); corresponding dates are marked for each row. 
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	Figure 19. Max. 8-hour ozone concentrations (left) and max. 24-hour daily average PM2.5 concentrations (right) on July 24 and July 25, 2023 (rows listed by date). 
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	2.2 Tier 2 Analysis 
	As stated above, the Q/D analysis, Key Factor #1 in the Exceptional Event Guidance, is not plausible for the 2023 events because the distance between the fire locations and the monitor location are around 1,700 km apart. For the Q/D analysis to quality, any one of the fires would need to exceed 170,000 tons per year. However, Key Factor #2 in the Exceptional Event Guidance is met when either the event related concentration is in the 99% percentile of the 5-year distribution of ozone monitoring data or is am
	 
	This section of the demonstration shows how June 19 and July 25, 2023, met Key Factor #2. Along with this information, a HYSPLIT trajectory and additional pollutant analysis link fire emissions and smoke to ozone in Michigan on June 19 and July 25, 
	2023. Evidence in this section shows a clear causal relationship, linking the Canadian wildfire smoke to increased pollution levels on the event days. 

	2.2.1 Comparison of event with historical concentrations 
	The event days of July 19 and July 25, 2023, did not meet the Tier 1 threshold. However, Figure 20 shows that the Coloma monitor recorded MDA8 ozone concentrations above the 5-year (2021-2025) 99th percentile value on June 19 and July 25. The concentrations of June 19 and July 25 are also the 3rd and 2nd highest levels recorded at the Coloma monitor in 2023. The concentrations on these two days are above the five-year 99th percentile and are among the top four concentrations for the year, meeting Key Factor
	 
	Figure 20. MDA8 ozone concentrations at the Coloma monitor in 2023. 
	 
	Figure
	2.2.2 HYSPLIT trajectory analysis and additional pollutant analysis 
	Additional date-specific information supporting the exclusion of ozone concentrations on June 19 and July 25, 2023, due to wildfire influence are detailed below. This information includes HMS Smoke maps, surface and upper-level weather maps, HYSPLIT trajectories, and PM2.5 concentrations. 
	June 19, 2023 
	A cold front dropping in from Canada brought a large plume of wildfire smoke that moved from north to south across the Great Lakes region on June 14 and June 15. As 
	mentioned above, PM2.5 concentrations increased into the USG range on June 16 and June 17 across parts of Michigan. This is strong evidence of smoke reaching the surface as an airmass change with northerly winds behind a cold frontal passage normally results in Good (Green AQI) PM2.5 levels. Wildfire smoke continued over the region through June 18 and June 19. The existence of smoke was highlighted in the NOAA Office of Satellite and Product Operations
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	 - Satellite Imagery and Smoke Text Products from June 18 and June 19. These products show moderate to thick smoke over the Great Lakes region both days.  

	 
	Figure 21. HMS smoke maps and smoke text products for June 18 (top row) and June 19, 2023 (bottom row). 
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	Figure 22 shows the surface weather maps and the 850 millibar (mb) and 500 mb analysis maps for June 18 and June 19 (surface weather maps are from NOAA’s Weather Prediction Center, and the upper air maps are from NOAA’s Storm Prediction Center). The frontal boundary that passed the region on June 15 pushed south into Tennessee on June 18, and on June 19, an associated low-pressure area tracked east into central Kentucky. The Great Lakes region was positioned between the boundary and a low-pressure area to t
	27
	27
	27  
	27  
	Weather Prediction Center - North American Surface Analysis
	Weather Prediction Center - North American Surface Analysis




	28
	28
	28  
	28  
	Storm Prediction Center - Surface and Upper Air Maps
	Storm Prediction Center - Surface and Upper Air Maps




	remained over the region, and by June 18 ozone concentrations began increasing over the state, which continued into June 19. 

	 
	Figure 22. Surface weather maps (18z), 850 mb and 500 mb analysis (12z) (left to right) for June 18 (top row) and June 19, 2023 (bottom row). 
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	HYSPLIT back and forward trajectories were created in AirNow Tech Navigator and show the origin, transport, and fate of the smoke plumes that caused the high ozone concentrations at the Coloma monitor on June 19, 2023 (Figure 23). The backward trajectory was released on June 19, going back to June 16, and corresponds with the forward trajectory that was released on June 16, going forward to June 19. The coincidence of the trajectories shows the southerly transport of the airmass near the fires between June 
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	Figure 23. June 19, 2023, HYSPLIT 72-hour back trajectory (left) and June 16, 2023, HYSPLIT 72-hour forward trajectory (right) between southwest Michigan and wildfire smoke sources in Quebec (green 100 m, blue 500 m, red 1,000 m). 
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	Figure 24 represents the 72-hour back-trajectories generated from the HYSPLIT model at three starting heights: 100 m AGL (red), 500 meters (m) (blue), and 1.000 m (green) from southwest Michigan. The trajectories were initiated at different starting heights to capture transport and to show ozone precursors were transported from aloft and influenced ozone concentrations at the surface through vertical mixing. 
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	The trajectories show the airmasses 72 hours prior to June 19 originated from north of the region. Graphs below the trajectories show that the airmass originating above 1,500 m on June 17 was brought to the surface by vertical mixing early on June 19, remaining near surface throughout the day. Vertical mixing is also shown bringing air parcels down to 500 m (blue) and 1,000 m (green) as those parcels originated at roughly 1,000 m (blue) and 1,500 m (green) the evening of June 18, with both parcels sinking t
	 
	  
	Figure 24. HYSPLIT 72-hour back trajectories showing elevation ending June 19, 2023, in southwest Michigan (red 100 m, blue 500 m, green 1,000 m). 
	 
	Figure
	 
	Figure 17 above shows increasing PM2.5 concentrations with 24-hour daily averages in the upper Moderate to USG range across most of the Great Lakes region on June 17. The elevated ozone concentrations followed suit with increases into the USG range in the western portion of the Great Lakes region on June 18 and USG ozone continued through June 19. The increase in surface PM2.5 concentrations June 17 through 19 lends support to enhanced surface precursors due to wildfire smoke making it to the surface and ca
	 
	To further support precursors being present at the surface during this smoke episode, below is a graph (Figure 25) that shows the hourly PM2.5 concentrations at the Holland and Jenison monitors in southwest Michigan from June 16 through June 19, 2023 (Coloma does not record PM2.5 concentrations). Hourly concentrations of PM2.5 began increasing in the afternoon of June 16 and hourly levels reached close to 40 ug/m3 at the Jenison monitor (hourly data from the Holland monitor was only available for part of th
	which is 27 ug/m3. The increase in hourly PM2.5 on June 18 aligns with the increase in hourly ozone that same day. On June 19, hourly levels of PM2.5 reached above 25 ug/m3 contributing to another day of high ozone concentrations and providing further evidence of smoke lingering at the surface. Figure 26 shows hourly ozone concentrations at the Coloma monitor for the same time period. 

	 
	Figure 25. Hourly PM2.5 at the Holland and Jenison Michigan monitors on  
	June 16-June 19, 2023. 
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	Figure 26. Hourly ozone at the Coloma monitor on June 16-June 19, 2023. 
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	July 25, 2023 
	As shown in Figure 18 above, on July 24 there was a frontal boundary extending across central Minnesota, east to the Straits of Mackinac, and continuing northeast into Quebec. This boundary originated from northwest of the region and smoke accumulated along the boundary from Canadian wildfires. In fact, as highlighted in the NOAA Office of Satellite and Product Operations - Satellite Imagery and Smoke Text Products from July 24 and July 25, smoke covered virtually all the U.S. during this period, and on Jul
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	Figure 27. HMS smoke maps and smoke text products for July 24 (top row) and July 25, 2023 (bottom row). 
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	Figure 28 shows the surface weather maps and the 850 mb and 500 mb analysis maps for July 24 and July 25 (surface weather maps are from NOAA’s Weather Prediction Center, and the upper air maps are from NOAA’s Storm Prediction Center). The surface maps show the progression on the frontal boundary. Surface winds were light during the period; however, upper-level maps show there was a northwesterly flow over the region during those days. A northwesterly upper-level flow is not conducive to ozone 
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	development. This suggests other factors, like precursors from smoke, are causing the increases in ozone concentrations on July 25. 

	 
	Figure 28. Surface weather maps (18z), 850 mb and 500 mb analysis (12z) (left to right) for July 24 (top row) and July 25, 2023 (bottom row). 
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	HYSPLIT back and forward trajectories were created in AirNow Tech Navigator and show the origin, transport, and fate of the smoke plumes that caused the high surface ozone concentrations at the Coloma monitor on July 25, 2023 (Figure 29). The backward trajectory was released on July 25, going back to July 22, and corresponds with the forward trajectory that was released on July 22, going forward to July 25. The coincidence of the trajectories shows the southeasterly transport of the airmass near the fires b
	34
	34
	34  
	34  
	AirNow Tech
	AirNow Tech





	 
	  
	Figure 29. July 25, 2023, HYSPLIT 72-hour back trajectory (left) and July 22, 2023, forward trajectory (right) between southwest Michigan and wildfire smoke sources in central Canada (green 100 m, blue 500 m, red 1,000 m). 
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	Figure 30 represents the 72-hour back-trajectories generated from the HYSPLIT model at three starting heights: 100 m AGL (red), 500 m (blue), and 1,000 m (green) from southwest Michigan. The trajectories were initiated at different starting heights to capture transport, and to show ozone precursors were transported from aloft and influenced ozone concentrations at the surface through vertical mixing. 
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	The trajectories show that the airmasses 72 hours prior to the exceedance day of July 25 originated from northwest of Michigan near Canadian fires. The graph below the trajectories supports vertical mixing by showing the red trajectory being at roughly 1,500 m by the evening of July 23, sinking near ground level by 12z on July 25, remaining near the surface throughout the day. The blue and green trajectories originated above 2,000 m on the evening of July 22 but sank to 500 m and 1,000 m respectively by Jul
	 
	  
	Figure 30. HYSPLIT 72-hour back trajectories showing elevation ending July 25, 2023, in southwest Michigan (red 100 m, blue 500 m, green 1,000 m). 
	 
	Figure
	 
	Figure 19 above shows Good to low-Moderate ozone concentrations across the region on July 24; however, PM2.5 concentrations ranged from Unhealthy (Red AQI) to USG (Orange AQI) across Wisconsin and northern Illinois, with middle to upper Moderate PM2.5 readings seen in Michigan. On July 25, ozone readings increased over the region, reaching as high as Unhealthy across parts of Wisconsin to USG across west and southeast Michigan. Increases in PM2.5 concentrations were also experienced in Michigan on July 25, 
	 
	To further support precursors being present at the surface during this smoke episode, below is a graph (Figure 31) that shows the hourly PM2.5 concentrations at the Jenison monitor (Holland data was not available) in southwest Michigan from July 24-July 25, 2023 (Coloma does not record PM2.5 concentrations). Hourly concentrations of PM2.5 began increasing in the afternoon of July 24 and hourly levels reached above 60 ug/m3 late in the morning of July 25. These are not typical levels, especially with a north
	upper-level flow. Maximum hourly levels on July 25 reached higher than 70 ug/m3 at the Jenison monitor. The highest hourly concentrations of PM2.5 during this period are well above the 5-year (2021-2025) 98th percentile of the PM2.5 daily average at the Jenison monitor, which is 27 ug/m3. The increased hourly PM2.5 concentrations align with the elevated ozone readings that reached higher than 90 ppb at the Coloma monitor on the afternoon of July 25. Figure 32 shows hourly ozone concentrations at the Coloma 

	 
	Figure 31. Hourly PM2.5 at the Jenison monitor on July 24-July 25, 2023. 
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	Figure 32. Hourly ozone at the Coloma monitor on July 24-July 26, 2023. 
	 
	 
	Figure
	2.3 Tier 3 Analysis 
	The Tier 1 and Tier 2 analyses above show a clear causal relationship between the event days and wildfire smoke. These analyses included a comparison of the event days to historical concentrations, satellite imagery showing the smoke plume over the region, and backward and forward trajectories linking the wildfire to the affected monitors, with vertical profiles showing the smoke being brought to the surface prior to and during the event days. Three tools are detailed in this section that add to the weight 
	 
	These tools meet the Tier 3 requirement in the Exceptional Events Guidance because they use photochemical modeling, statistical modeling, or meteorologically adjusted ozone trend analyses to show a clear causal relationship between the wildfire emissions and elevated ozone concentrations. The tools do this by calculating modeled fire impacts (Expedited Modeling of Burn Events Results (EMBER) – photochemical model) and residual ozone concentrations (Met Adjusted Ozone Trends and PMO3smoke Tool – statistical 
	 
	The calculated modeled fire impacts or residual ozone concentration represent the amount of ozone that can be attributed to outside influences, such as wildfire smoke. All three tools were used to calculate the modeled fire impacts or residual values at the 
	Coloma monitor, and all three tools align in showing that an outside influence, wildfire smoke, contributed to the increased ozone concentrations. The result from each tool is explained below. 

	2.3.1 EMBER 
	The USEPA created a dataset called EMBER. EMBER is based on photochemical modeling, and the tool evaluates wildfire impacts on 2023 ozone levels. This tool was used to evaluate the event days at the Coloma monitor to determine if the data supports the conclusion that wildfire smoke influenced ozone levels. 
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	Table 5 shows the results of the EMBER model for the event days of June 19 and July 25, 2023, at the Coloma monitor. The table shows the monitored MDA8 ozone concentrations for each day along with the EMBER modeled MDA8 ozone impacts for different simulations, including the base EMBER simulation, the U.S. and Canadian fires simulation, the simulation with emissions from Canadian fires, the simulation with zero fire emissions, and the simulation with zero Canadian wildfire emissions. 
	 
	 Table 5. EMBER Modeled MDA8 ozone (ppb) for results for Coloma. 
	Site Name 
	Site Name 
	Site Name 
	Site Name 
	Site Name 

	Date 
	Date 

	Monitored MDA8 Ozone 
	Monitored MDA8 Ozone 

	Base EMBER Simulation 
	Base EMBER Simulation 

	Impacts from U.S. and Canada Fires 
	Impacts from U.S. and Canada Fires 

	Impacts from Canada Wildfires 
	Impacts from Canada Wildfires 

	Zero Fires Simulation 
	Zero Fires Simulation 

	Zero Canada Wildfires Fires Simulation 
	Zero Canada Wildfires Fires Simulation 



	Coloma 
	Coloma 
	Coloma 
	Coloma 

	June 19 
	June 19 

	79 
	79 

	65 
	65 

	6 
	6 

	6 
	6 

	59 
	59 

	59 
	59 


	Coloma 
	Coloma 
	Coloma 

	July 25 
	July 25 

	83 
	83 

	65 
	65 

	8 
	8 

	8 
	8 

	57 
	57 

	57 
	57 




	 
	By subtracting the zero Canadian wildfires fires simulation (no emissions from Canadian wildfires are input into the photochemical model) from the base EMBER simulation (Canadian wildfire emissions are included), the modeled fire impact can be calculated. The modeled fire impact is the amount of ozone that can be attributed to emissions from Canadian wildfires. Below is a summary of the EMBER analysis for each 2023 event day. 
	 
	June 19, 2023 
	The base EMBER simulation, minus the zero Canadian wildfire emissions simulation results in a modeled fire impact value of 6 ppb. Although EMBER modeled 6 ppb from Canadian wildfire impacts, there is clearly an outside influence that caused ozone concentrations to be elevated as base EMBER simulations only predicted ozone would be 65 ppb, which is 14 ppb lower than the Monitored MDA8 concentrations recorded at the monitor. The results of the EMBER photochemical model provide further evidence that wildfire s
	 
	July 25, 2023 
	The base EMBER simulation, minus the zero Canadian wildfire emissions simulation results in a modeled fire impact value of 8 ppb. Although EMBER modeled 8 ppb from Canadian wildfire impacts, there is clearly an outside influence that caused ozone 
	concentrations to be elevated as base EMBER simulations only predicted ozone would be 65 ppb, which is 18 ppb lower than the Monitored MDA8 concentrations recorded at the monitor. The results of the EMBER photochemical model provides further evidence that wildfire smoke caused elevated MDA8 ozone at the Coloma monitor on July 25. 

	2.3.2 Trends in ozone adjusted for weather conditions
	2.3.2 Trends in ozone adjusted for weather conditions
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	To provide a more accurate assessment of ozone trends due to precursor emissions, the USEPA used a statistical Generalized Linear Model (GLM) to adjust ozone trends at monitoring sites due to weather variability (Wells et al., Atmospheric Environment, vol. 248, doi: 10.1016/j.atmosenv.2021.118234, 2021). About 85% of the O3 monitoring sites modeled by the USEPA using the GLM had coefficients of determination (R2) between 0.6 and 0.8, with a median R2 value of 0.71, while R2 for all monitoring sites around L
	 
	The statistical model was used to calculate residual values. The residual values are determined by subtracting the predicted ozone value determined by the statistical model from the MDA8 ozone values. This difference, the residual, is the amount of ozone that is attributable to an outside influence such as wildfire smoke. 
	 
	Table 6 shows data used in the met adjusted ozone trends analysis for June 19 and July 25, 2023. Each event day is detailed below and information from the met adjusted ozone trends analysis lends support that wildfire smoke caused increased ozone concentrations on the event days. 
	 
	Table 6. Conditions as shown in the met adjusted ozone trends analysis for Coloma on June 19 and July 25, 2023. 
	Site Name 
	Site Name 
	Site Name 
	Site Name 
	Site Name 

	Date 
	Date 

	Predicted Ozone (ppb) 
	Predicted Ozone (ppb) 

	Residual Ozone (ppb) 
	Residual Ozone (ppb) 

	MDA8 Ozone (ppb) 
	MDA8 Ozone (ppb) 

	24-hr PM2.5 (ug/m3)1 
	24-hr PM2.5 (ug/m3)1 



	Coloma 
	Coloma 
	Coloma 
	Coloma 

	June 19 
	June 19 

	71 
	71 

	8 
	8 

	79 
	79 

	19 
	19 


	Coloma 
	Coloma 
	Coloma 

	July 25 
	July 25 

	65 
	65 

	17 
	17 

	83 
	83 

	47 
	47 




	1The data listed for these dates is from the Jenison monitor which is roughly 52 miles northeast of the Coloma monitor. 
	 
	June 19, 2023 
	Weather conditions on June 19 at the Coloma monitor were seasonable temperatures around 80, low humidity, and light winds from the east-northeast. These are not ozone-conducive conditions. For the summer months in southwest Michigan, ozone development typically occurs with a stronger south to southwesterly flow, not a light east-northeasterly wind. The GLM calculated a predicted ozone value of 71 ppb and the MDA8 concentration that day was 79 ppb. This results in a residual value over 8 ppb. This informatio
	 
	July 25, 2023 
	On July 25, summer-like temperatures were in the low 80s with moderate humidity levels. East to southeast winds started the day, switching to south-southwest; speeds were light throughout the day. Winds originating from the east to southeast are not typical for ozone development in southwest Michigan and neither are lighter winds; a stronger south to southwesterly flow typically leads to ozone development. The predicted ozone for July 25 was 65 ppb, the MDA8 concentration that day was 83 ppb, resulting in a
	2.3.3 Generalized Additive Model (GAM) – PMO3smoke Tool 
	The PMO3smoke Tool application based on the Generalized Additive Model (GAM) was created by Dan Jaffe and Haebum Lee from the University of Washington. The GAM predicts MDA8 ozone using meteorological data under smoke and non-smoke conditions. Each monitor is marked by a circle on the map and a smoke day is identified by the circle being outlined in red. The tool determines a smoke day by combining the HMS product with surface PM2.5 to identify the presence of smoke at the surface. The color within each cir
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	Since PM2.5 concentrations are needed in the GAM model, only monitors that collect both ozone and PM2.5 are included in this application. The Coloma monitor does not collect PM2.5, therefore, the Coloma monitor was not evaluated with this tool. Wildfire smoke typically has regional wide impacts so although there is no GAM data for the Coloma monitor, nearby GAM data can suffice to show regional impacts which include the Berrien County area. Based on surrounding monitor data, the PMO3smoke Tool shows strong 
	 
	The map in Figure 33 displays information from the PMO3smoke Tool for June 19, 2023. The brown shades surrounding the Great Lakes region represents observed PM2.5 daily average concentrations and the shades across southwest Michigan align with observed PM2.5 daily average concentrations greater than 20 ug/m3. The tool calculated that smoke was present at monitoring sites in Michigan and across the entire Great Lakes region as identified by the circles outlined in red. The burgundy color within the circles s
	PMO3smoke Tool shows strong evidence of widespread smoke over the Great Lakes region and leads to an outside influence that caused elevated ozone levels at all monitors, including the Coloma monitor, on June 19, 2023. 

	 
	Figure 33. Map from the PMO3smoke Tool (GAM-v2) for June 19, 2023. 
	 
	Figure
	 
	 
	Figure 34 displays the PMO3smoke Tool map for July 25, 2023. The brown shading across Wisconsin and through the lower peninsula of Michigan aligns with observed PM2.5 daily average concentrations greater than 35 ug/m3. The circles outlined in red on the maps indicate that smoke was identified by the model across most of the Great Lakes region and the color within the circles represents SMO values greater than 10 ppb. Specifically for Jenison, the SMO value calculated by the model ranges from 20.0 to 22.3 pp
	 
	  
	Figure 34. Map from the PMO3smoke Tool (GAM-v2) for July 25, 2023. 
	 
	Figure
	 
	 
	Figure 35 contains data tables from the PMO3smoke Tool from the Holland monitor on June 19 (table 1) and from the Jenison monitor on July 25 (table 2) that are referenced above. The data tables support the information by listing the monitor-specific GAM output for each event day. The SMO value of each event day is within the 99th quantile of residuals which is well above median values. This lends support to the statistical model results. The PMO3smoke Tool does not have data analyzed for the Coloma monitor 
	 
	  
	Figure 35. PMO3smoke Tool data tables for June 19 at the Holland monitor and July 25 at the Jenison monitor. Dates are listed from left to right. 
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	2.4 Conclusion – Clear Causal Relationship 
	The information above followed the Tier 1, Tier 2, and Tier 3 thresholds within the Exceptional Events Guidance. This Exceptional Event demonstration shows that wildfires in Canada adversely affected ozone data in a regulatory significant way at the Coloma monitor in the Berrien County NAA, such that ozone data on June 19 and July 25, 2023, should be excluded from regulatory determinations.  
	 
	The Tier 1 analysis included satellite imagery, surface maps, and concentrations of PM2.5 as evidence to show the weather conditions during the episode days transported wildfire smoke from the fires in Canada to southwest Michigan. 
	 
	The Tier 2 analysis compares event concentrations to historical concentrations for June 19 and July 25, 2023, at the Coloma monitor. This comparison showed that the ozone concentrations on those days were above the 5-year 99th percentile value and are both two of the four highest concentrations seen in 2023, and therefore, the concentrations on those days are considered outliers based on Key Factor #2 in the Exceptional Events Guidance. Evidence in the Tier 2 section also details the tracking of smoke and w
	and an additional pollution analysis. The HYSPLIT trajectories created for the event days of June 19 and July 25, 2023. All show the coincidence of the backward and forward trajectories and is clear evidence that smoke from the wildfires in Canada was transported to the Great Lakes region. As stated in Section 1.4 above, wildfires emit 90% of the total particle mass in the form of PM2.5. Maps and graphs showing elevated PM2.5 concentrations leading up to and on the event days are strong evidence supporting 

	 
	Three tools were used to meet the Tier 3 requirement in the Exceptional Events Guidance. These tools used photochemical modeling, statistical modeling, or meteorologically adjusted ozone trends analysis to show a clear causal relationship between wildfire emissions and ozone concentration. The calculated modeled fire impacts or residual ozone concentration represent the amount of ozone that can be attributed to outside influences, such as wildfire smoke. All three tools were used to calculate the modeled fi
	 
	As shown in this demonstration, the Tier 3 analysis has been satisfied based on the Exceptional Events Guidance for both event days. A clear causal relationship has been made in linking wildfire smoke from Canada to the Coloma monitor; therefore, the event days of June 19 and July 25, 2023, should be excluded from regulatory determinations at the Coloma monitor. 
	3. Not Reasonably Controllable or Preventable 
	40 CFR 50.14 (c)(3)(iv)(D) requires a demonstration that the event was not reasonably controllable and not reasonably preventable. It is presumed according to 40 CFR 50.14(b)(4) that wildfires on wildland will satisfy both factors of not reasonably controllable and not reasonably preventable unless there is evidence that demonstrates otherwise. 40 CFR 50.1(n) defines a wildfire as “any fire started by an unplanned ignition caused by lightning; volcanoes; other acts of nature; unauthorized activity; or accid
	 
	Extensive wildfire activity occurred on wildlands across Canada during the late spring and summer of 2023. The Canadian government estimates that forest fires started by lightning represent 81% of the total area burned in Canada. CIFCC reported that on June 1, 2023, “a major lightning strike hit Quebec, igniting 182 forest fires in a single day.”  As the June and July 2023 fires in Canada were natural, wildfire smoke events and the wildfires occurred on wildlands, they meet the not reasonably controllable a
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	not reasonably preventable criteria in the Exceptional Event Rule. The wildfires burning in June and July could not have been prevented and could not have been controlled by state or federal natural resources managers in the U.S. 

	4. Human Activity Unlikely to Recur at a Particular Location or Natural Event 
	The Exceptional Event Rule requires a demonstration that the event was a human activity that is unlikely to recur at a particular location or was a natural event (40 CFR 50.14(c)(3)(iv)(E)). As stated in , the definition of wildfire in the Exceptional Events Rule is: “…any fire started by an unplanned ignition caused by lightning; …or accidental, human-caused actions; … A wildfire that predominately occurs on wildland is a natural event.” As described in this demonstration, the origin and evolution of the J
	Section 3
	Section 3


	 
	Based on the documentation provided in this demonstration, the June and July 2023 events qualify as wildfires because lightning or accidental, human-caused actions (unplanned ignitions) most likely caused the wildfire events. As the wildfire events detailed in this demonstration occurred on wildlands and were caused by unplanned ignitions, they were natural and should be considered for treatment as exceptional events. 
	5. Notification and Mitigation Requirements 
	Public Notification of the Event 
	As required by Appendix D in 40 CFR Part 58, EGLE operates and maintains a network of instruments to measure ambient air quality at monitoring sites across the state. Figure 36 shows Michigan’s active ozone monitoring network. Real-time monitor concentrations can be found at: . 
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	Figure 36. Map of active ozone monitoring sites in Michigan. 
	 
	 
	Figure
	 
	The Exceptional Events Rule [40 CFR 50.14(c)(1)(i)] requires air agencies to “notify the public promptly whenever an event occurs or is reasonably anticipated to occur which may result in the exceedance of an applicable air quality standard.” EGLE forecasters issue air quality forecasts at a minimum weekly, but daily forecasts are issued during expected pollution events. Prior day forecasts are issued and if next day ozone and/or PM2.5 levels are expected to reach the USG (Orange AQI) range, EGLE forecaster
	https://air-egle.hub.arcgis.com
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	The events of June and July 2023 resulted in several days where AQD forecasters issued Action Days to notify the public of the threat of elevated ozone and/or PM2.5 concentrations, primarily due to wildfire smoke. Figure 37 below summarizes when Action Days were called in 2023 by AQD forecasters, for what pollutant(s) the Action Day covered, and what part of the state was included in the Action Day. Table 4 above lists forecasts and air quality alerts that were issued for the June and July 2023 event days. 
	 
	  
	Figure 37. Action Days for 2023. 
	 
	 
	Figure
	Public Comment 
	According to 40 CFR 50.14(c)(3)(v), air agencies must “document [in their exceptional events demonstration] that the [air agency] followed the public comment process and that the comment period was open for a minimum of 30 days….” Further, air agencies must submit any received public comments to the USEPA and address in their submission those comments disputing or contradicting the factual evidence in the demonstration.  
	 
	To solicit comments from the public, EGLE began a public comment period for the draft 2023 Wildfire Exceptional Event Demonstration for Ground-Level Ozone in Southwest Michigan – Coloma Monitor for the Berrien County NAA on November 5, 2025. EGLE posted notice of the comment period on EGLE’s Calendar at: , and on EGLE’s AQD Public Notice website at: . The comment period remained open through December 5, 2025.  contains the web postings for the public comment period, the comments received, and EGLE’s respons
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	https://www.michigan.gov/egle/about/organization/air-quality/public-notice
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	Summary  
	 
	The 2023 wildfire season in Canada was unprecedented and according to the Natural Resources of Canada, the season was “the most destructive ever recorded.” The 2023 wildfire season in Canada brought a recorded total of 7,131 fires burning a total of 17,203,625 ha. According to the CIFFC Canada Report for the 2023 season, 462 fires burned 1,850,829 ha in Saskatchewan, 300 fires burned 189,782 ha in Manitoba, 743 fires burned 441,474 ha in Ontario, and 713 fires burned 4,322,888 ha in Quebec. Table 7 document
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	Table 7. Comparison of Canada’s 2023 Wildfire Season with Canada’s 10-year average 
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	Number of Fires 
	Number of Fires 

	Area Burned (ha) 
	Area Burned (ha) 



	2023 Wildfire Season 
	2023 Wildfire Season 
	2023 Wildfire Season 
	2023 Wildfire Season 

	7,131 
	7,131 

	17,203,625 
	17,203,625 


	10-Year Average  
	10-Year Average  
	10-Year Average  

	5,350 
	5,350 

	2,718,762 
	2,718,762 




	 
	This Exceptional Event demonstration shows that an extreme number of wildfires in Canada affected ozone concentrations, resulting in the Coloma monitor exceeding the 2015 ozone standard. The measured ozone data of June 19 and July 25, 2023, satisfy the requirements to be classified as exceptional events, and the elements in this Exceptional Event demonstration meet all applicable requirements of the Exceptional Events Rule by clearly demonstrating in a Tier 3 analysis that wildfire smoke from Canada had unp
	  
	Appendix A - AQD Air Quality Forecasts 
	 
	FORECAST SUMMARY: Sunday, June 18, 2023, through Monday, June 19, 2023 
	 
	From: Haywood, Jim (EGLE) 
	To: Haywood, Jim (EGLE) 
	Subject: Air quality forecast 
	Date: Sunday, June 18, 2023 10:18:02 AM 
	Attachments: image001.png 
	 
	FORECAST SUMMARY: Sunday, June 18, 2023, through Monday, June 19, 2023 
	 
	OZONE: 8-hour average ozone concentrations are expected to be mostly Good increasing to Moderate. 
	 
	PM-2.5: 24-hour average Fine Particulate concentrations are also expected to be mostly 
	Moderate with scattered USG. 
	 
	FORECAST DISCUSSION 
	Smoke continues to dominate the forecast as hot, dry weather persists and wildfires continue to burn across Canada. Smoke over Michigan had been forecast to stay mostly elevated and that has been the case, for the most part. Friday night, however, we did notice a plume mixing down over Indiana and Ohio that seem to catch the southeast corner of Michigan giving those monitors some higher numbers. Saturday morning, those monitors were still running in the low USG range so I bumped up the local forecast to USG
	 
	As of Sunday morning, monitors across Michigan are showing Moderate readings. Some local fires in northwest Indiana are creating USG conditions in that area, but it has not bled over into Michigan. 
	 
	The smoke models are still forecasting the smoke to stay aloft, although as we saw Friday night, some pockets can mix down to the surface. Since forecasting the locations of higher smoke concentrations during this dry period seems to be a bit like whack-a-mole, I will revisit the conditions Monday morning and update the forecast, at that time. Should any areas start seeing higher concentrations, today, I will update those locations to USG and if the area is widespread and persistent, I will issue an Action 
	 
	Ozone has been holding in the Good range. However, with increasing temperatures and air stagnation, I expect some creep and will be keeping an eye on it, as well. 
	 
	Since the current dry, hot weather pattern is expected to last into next weekend, expect this forecast to be updated frequently. 
	 
	EXTENDED FORECAST: 
	 
	Air Quality should be generally Moderate with the potential for scattered USG going into the next work week. 
	 
	Forecast updated by Jim Haywood: Sunday, June 18, 2023 
	Next forecast update: Monday, June 19, 2023 
	 
	Jim Haywood ǀ Senior Meteorologist ǀ Air Quality Division ǀ 517.648.6766 
	 
	Figure
	 
	FORECAST SUMMARY: Monday, June 19, 2023, through Tuesday, June 20, 2023 
	 
	From: Haywood, Jim (EGLE) 
	To: Haywood, Jim (EGLE) 
	Subject: Air quality forecast 
	Date: Monday, June 19, 2023 10:03:53 AM 
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	FORECAST SUMMARY: Monday, June 19, 2023, through Tuesday, June 20, 2023 
	 
	OZONE: 8-hour average ozone concentrations are expected to be mostly Good increasing to Moderate. 
	 
	PM-2.5: 24-hour average Fine Particulate concentrations are expected to be mostly 
	Moderate. 
	 
	FORECAST DISCUSSION 
	 
	Smoke levels held in the Moderate range during Sunday, and ozone remains the secondary pollutant of concern in the Good to Moderate range. Not much has changed with the short and long range forecast. High pressure persists over the region with extremely dry conditions and high fire danger. Easterly winds persist with daytime high temperatures in the upper 80’s and approaching 90. Relative humidity remains in the 20-30% range. 
	 
	There is still a thick layer of smoke, aloft, which is dimming the sun and giving us gray rather than blue skies. At the surface, fine particulate readings have been mostly in the 20-30 ug/m3 range, which is Mid-to-High Moderate. The smoke models are predicting an improvement with a slight lowering of those numbers today and tomorrow. 
	 
	While ozone numbers have been behaving during this high smoke episode, we are in the time of year where the threat of elevated ozone is the highest. The lower numbers we have been seeing may be partially due to the smoke layer aloft which has been dimming the amount of sun reaching the surface and reducing photochemical conversion of surface pollutants. The ozone models are predicting that our numbers will remain in the Good to Moderate range for the next couple of days and I am not seeing anything to chall
	 
	Due to the unpredictable nature of smoke, I will be updating this forecast Tuesday morning. 
	 
	EXTENDED FORECAST: 
	 
	Air Quality should be generally Moderate through the week. 
	 
	Forecast updated by Jim Haywood: Monday, June 19, 2023 
	 
	Next forecast update: Tuesday, June 20, 2023 
	 
	Jim Haywood ǀ Senior Meteorologist ǀ Air Quality Division ǀ ( 517.648.6766 
	 
	Figure
	 
	FORECAST SUMMARY: Monday, July 24, 2023, through Tuesday, July 25, 2023 
	 
	From: Haywood, Jim (EGLE) 
	To: Haywood, Jim (EGLE) 
	Subject: Air quality forecast 
	Date: Monday, July 24, 2023 1:20:31 PM 
	Attachments: image001.png 
	 
	FORECAST SUMMARY: Monday, July 24, 2023, through Tuesday, July 25, 2023 
	 
	 
	OZONE: 8-hour average ozone concentrations are expected to be mostly Moderate. 
	PM-2.5: 24-hour average Fine Particulate concentrations are expected to be widespread USG. 
	 
	AIR QUALITY ACTION DAY ADVISORY FOR MONDAY JULY 24, BEGINNING AT 
	NOON... 
	UPPER PENINSULA ONLY 
	 
	AIR QUALITY ACTION DAY ADVISORY FOR TUESDAY JULY 25... 
	STATEWIDE 
	 
	FORECAST DISCUSSION 
	Smoke returns to the region courtesy of numerous large Canadian wildfires. Smoke, aloft, has already reached Michigan and surface smoke in Minnesota and Wisconsin is already reaching the USG and Unhealthy range as it mixes down. The higher levels of surface smoke will be reaching the Upper Peninsula as today progresses, therefore we are triggering an Action Day Advisory for the U.P. beginning at noon. Widespread smoke will affect the entire state, during Tuesday, prompting a Statewide advisory. 
	 
	Fortunately, this appears to be a short-lived event with most of the smoke pushed out of the state Tuesday night. As we have seen in previous events, this year, the surface smoke has left behind some residual pollutants which could convert to ozone under ideal conditions. By Thursday, we could be seeing temperatures in the low 90’s under clear skies. Dew points will rise to around 70 degrees making for hot, muggy weather with the potential for elevated ozone. 
	 
	Since we are expecting hotter weather with ozone potential, this forecast will be updated Tuesday morning and as necessary as the week progresses. 
	 
	EXTENDED FORECAST: 
	 
	Air Quality should be generally Moderate to potentially USG through the work week. 
	 
	Forecast updated by Jim Haywood: Monday, July 24, 2023 
	 
	Next forecast update Tuesday, July 25, 2023 
	 
	Jim Haywood ǀ Senior Meteorologist ǀ Air Quality Division ǀ 517.648.6766 
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	FORECAST SUMMARY: Tuesday, July 25, 2023, through Wednesday, July 26, 2023 
	 
	From: Haywood, Jim (EGLE) 
	To: Haywood, Jim (EGLE) 
	Subject: Air Quality Forecast 
	Date: Tuesday, July 25, 2023 11:53:25 AM 
	Attachments: image001.png 
	 
	FORECAST SUMMARY: Tuesday, July 25, 2023, through Wednesday, July 26, 2023 
	 
	OZONE: 8-hour average ozone concentrations are expected to be mostly Good to Moderate. 
	 
	PM-2.5: 24-hour average Fine Particulate concentrations are expected to be widespread Moderate to USG. 
	 
	AIR QUALITY ACTION DAY ADVISORY FOR TUESDAY JULY 25 REMAINS 
	IN EFFECT STATEWIDE... 
	 
	FORECAST DISCUSSION 
	The Tuesday Air Quality Action Day Advisory remains in effect, statewide, for Fine 
	Particulates. Monitors are continuing to read high concentrations along the Wisconsin Lake Michigan shore and that smoke is currently moving into Michigan. Some of our monitors are already reading in the USG range. While I expect to see hazy conditions, outside, I do not expect to see the extremely high concentrations into the Unhealthy range that we saw a couple of weeks ago. That said, the expected USG conditions are still of concern and our messaging to reduce outdoor strenuous activity and remain indoor
	 
	Fortunately, all the smoke models are indicating today’s smoke will be flushed out of the state during Wednesday. Conditions may still be somewhat hazy in the morning hours but should improve during the day. The potential for some severe weather and heavy rains also exists which would help cleanse the air. 
	 
	By Thursday, the weather should return to normal hot, humid summer-like conditions under sunny skies. Our experience with the smoke, this summer, is that some chemicals from the smoke can be left behind if there is not a total cleanout and those chemicals readily convert to ozone under favorable conditions. And those conditions currently look favorable on Thursday. As a result, I intend to update this forecast Wednesday morning… 
	 
	EXTENDED FORECAST: 
	Air Quality should be generally Moderate to potentially USG through the remainder of the work week. 
	 
	Forecast updated by Jim Haywood: Tuesday, July 25, 2023 
	Next forecast update Wednesday, July 26, 2023 
	 
	Jim Haywood ǀ Senior Meteorologist ǀ Air Quality Division ǀ ( 517.648.6766 
	 
	Figure
	  
	Appendix B – Public Participation Process Documentation  
	Response to Public Comments 
	The purpose of the Response to Comments document is to discuss the public participation process for the Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment Area – Coloma Monitor, detail the comments received during the comment period and our responses, and discuss the changes made, if any. 
	 
	Copies of the comments received are included below. 
	Public Comment Period and Opportunities to Participate 
	Through this attachment, EGLE is providing evidence that the Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment Area – Coloma Monitor complied with the public comment requirement under 40 CFR 50.14(c)(3)(v), as discussed within the submittal document under Section 5. 
	On November 5, 2025, a public comment period was opened for the Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment Area – Coloma Monitor.  The public participation process involved providing the following information for public review: 
	 
	•
	•
	•
	 The Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Berrien County Nonattainment Area – Coloma Monitor was placed on the AQD Public Notice webpage for  and the . 
	Air Quality Rules and State Implementation Plans 
	Air Quality Rules and State Implementation Plans 
	Public Notice Documents

	State Implementation Plan (SIP) and 
	State Implementation Plan (SIP) and 
	Attainment page



	•
	•
	 A notification of the comment period were sent out through EGLE’s subscription platform to the Air Quality News and Information list.  

	•
	•
	 The public comment announcement was posted on the  and the AQD Public Notice webpage for . 
	EGLE 
	EGLE 
	Calendar

	Air Quality 
	Air Quality 
	Rules and State Implementation Plans Public Notice Documents




	  
	Figure 1. EGLE Calendar Notice 
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	Figure 2. AQD Public Notice Webpage 
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	•
	•
	•
	 All notifications of the comment period included links to the  and a related . 
	Wildfire Exceptional 
	Wildfire Exceptional 
	Event Demonstration for Ground-Level Ozone in the Berrien County 
	Nonattainment Area – Coloma Monitor

	Fact Sheet
	Fact Sheet



	•
	•
	 During the comment period, comments could be submitted by mail and email. The following is a summary of the public comment period: 
	−
	−
	−
	 Comment Period: November 5 – December 5, 2025 

	−
	−
	 Total Responses Received: 6 submittals from groups or individuals. 

	−
	−
	 Revisions Made During the Comment Period: During the public comment period the AQD submitted the ambient air ozone monitoring data certification package for the 2025 ozone season to the USEPA and the USEPA concurred with this package.  Table 1 in the demonstration has been updated to reflect the certified 2025 ozone data for the Coloma monitor.  





	Public Comments Received: 
	Comment 
	The commenter had a comment on Table 1 in the draft. It was noted that Table 1 in the draft demonstration listed the after EE concurrence 2025 4th high as 68 ppb but no days were requested in 2025 so the 2025 4th max should be 70 ppb. 
	Response: 
	Thank you for identifying this error.  During the public comment period the AQD submitted the ambient air ozone monitoring data certification package for the 2025 ozone season to the USEPA and the USEPA concurred with this package.  Table 1 has been updated to reflect the certified 2025 ozone data. 
	Comment 
	Comments were received from Consumers Energy Company in support of the exceptional event demonstration. The full comment letter can be found below. (James M. Walker, Consumers Energy Company) 
	Response 
	 Thank you for your comments. 
	Comment 
	Comments were received from Jeffery M. Pfost, an Environmental (Air) Consultant, in support of the exceptional event demonstration. The full comment letter can be found below. (Jeffrey M. Pfost, Consultant) 
	Response 
	 Thank you for your comments. 
	Comment 
	Commenters request that exceptional event data should also be applied to the Western Allegan County nonattainment area.  They state that doing so would provide relief and 
	benefit in calculating the design value for future ozone attainment demonstration purposes. 

	Response 
	Thank you for your comment.  The Exceptional Events Rule can only be applied to exceedances or violations which are of regulatory significance and using an exceptional event demonstration strictly to lower design values is not considered regulatory significant.  At this time, using exceptional events will not result in lowering the design value in the Western Allegan County nonattainment area to a level which is of regulatory significance based on the Exceptional Events Rule. 
	Comment 
	Comments were received from Tiara Yachts, Inc. in support of the exceptional event demonstration. The full comment letter can be found below. (David Slikkers, Tiara Yachts, Inc.) 
	Response 
	Thank you for your comments. 
	Comment 
	Comments were received from the West Michigan Clean Air Coalition (WMCAC) in support of the exceptional event demonstration. The full comment letter can be found below. (Kathryn Ross and others, WMCAC) 
	Response 
	Thank you for your comments. 
	Comment 
	Comments were received from the Michigan Manufacturers Association (MMA) in support of the Exceptional Event demonstration. The full comment letter can be found below. (Mike Witkowski, MMA) 
	Response 
	Thank you for your comments. 
	Public Comments Received: 
	Six individual public comments, representing multiple commenters, were received as letters and/or via electronic mail.  
	  
	•
	•
	•
	 November 24, 2025, email from Krista Bizzotto, USEPA 
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	•
	•
	•
	 December 1, 2025, email and letter from James M. Walker, Consumers Energy 
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	•
	•
	•
	 December 1, 2025, email and letter from Jeffrey M. Pfost, Consultant 
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	•
	•
	•
	 December 1, 2025, email and letter from David Slikkers, Tiara Yachts 
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	•
	•
	•
	 December 5, 2025, email and letter from Andrea Faber, WMCAC 
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	•
	 December 5, 2025, email and letter from Mike Witkowski, MMA 
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