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Introduction

The following 1is

Mi chi gands

Exceptional

establishes that plumes from Canadian wildfires adversely affected ozone data in a
regulatorily significant way at the Muskegon monitor (26-121-0039) in the Muskegon
County 2015 ozone nonattainment area (NAA) during June and July 2023, and July
2025. 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 developed further east across Ontario and Quebec. As
June progressed, wildfires became more widespread throughout Canada, especially
north and northeast of Michigan in the providences of Ontario and Quebec. The
summer of 2025 was also an active wildfire season for Canada. Intense fires burning in
June and July sent plumes of smoke south and into the Great Lakes region during
several periods, including the month of July.

There are several days during the summers of 2023 and 2025 when wildfire smoke
influenced ozone leading to increased concentrations. Maximum daily 8-hour average
ozone (MDABS8) concentrations at the Muskegon monitor on the event days highlighted in
this demonstration exceeded the 2015 ozone National Ambient Air Quality Standard
(NAAQS) after precursor-rich wildfire smoke plumes subsided to the surface (Figure 1).
The Muskegon MDAS8 concentration reached 74 parts per billion (ppb) on June 19, 84
ppb on June 29, 75 ppb on June 30, and 83 ppb on July 25, 2023. Additionally, on July

15, 2025, the MDA8 reached 82 ppb. Th e s e

for Sensitive

measur ement s
Gr o Whptsddtates (S %))Air Qusility index (AQIE

ar e

Figure 1. Ozone AQI maps on June 19, June 29, June 30, and July 25, 2023, and

July 15, 2025. Days listed from top to bottom, left to right.
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Table 1 presents the 2023-2025 4™ high ozone concentrations and the design value
(DV) prior to and after EE concurrence by the United States Environmental Protection

Agency (USEPA).

Table 1. 2023-2025 4" high ozone concentrations

Muskegon monitor prior to and after EE concurrence

and the 2023 -2025 DV for the

2023 | 2024 | 2025
Site Name | Monitor ID 4th Al 4th 2(()25b§)v EE Status
High | High | High PP
Muskegon |26-121-0039 |75 |71 |69 |71 Prior to EE
concurrence
Muskegon | 26-121-0039 | 73 71 |68 |70 After EE
concurrence
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Table 2 identifies the Michigan regulatory significant monitors that were affected by
smoke transport on and leading up to the days of June 19, June 29, June 30, and July
25, 2023, and July 15, 2025. As such, data from those 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)
Muskegon County | 26-121-0039 Muskegon 74 (6) June 19, 2023
Muskegon County | 26-121-0039 Muskegon 84 (1) June 29, 2023
Muskegon County | 26-121-0039 Muskegon 75 (4) June 30, 2023
Muskegon County | 26-121-0039 Muskegon 83 (2) July 25, 2023
Muskegon County | 26-121-0039 Muskegon 82 (1) July 15, 2025

Exceptional Events Rule Requirements

TheUSEPAGs Treatment of Data I nfluenced by Exc
Rule, 81 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 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 smoke events that impacted the
Muskegon monitor in the Muskegon County NAA.

Figure 2. West Michigan 8 -hour ozone NAAs (2015 NAAQS).
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Attainment Status for the 2015 Ozone :\’ I-C
National Ambient Air Quality Standard

On June 4, 2018 (83 FR 25776), the USEPA made the final designations and
classifications for Michigan, including designating the Muskegon patrtial-county area as
marginal nonattainment, effective August 3, 2018. On October 7, 2022 (87 FR 60897),
the USEPA determined that Muskegon 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 USEPApublis hed its final determination
Federal Register on December 17, 2024 (89 FR 101901), effective January 16, 2025,
after the NAA failed to meet the standard by the applicable attainment deadline (August
3, 2024).
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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 NAA and is
currently drafting its SIP to meet the relevant requirements for serious ozone NAA.

Ozone has decreased in the Muskegon NAA. Figure 3 below shows the number of days
since 2012 that the Muskegon monitor exceeded the 70 ppb NAAQS (days in 2023 and
2025 with wildfire smoke were excluded).

Figure 3. Number of days exceeding 2015 ozone NAAQS level of 70 ppb in the
Muskegon County NAA.
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1 2023 smoke influenced day of June 18 was excluded, as were the event days in this demonstration of
June 19, June 29, June 30, and July 25. The 2025 smoke influenced and event day of July 15 was
excluded.

The Muskegon site (Muskegon County; Monitor ID 26-021-0039; Lat 42.278056, Lon -
86.311111) is a seasonal ozone site intended to monitor population exposure. This site
is located on the west side 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 NOz2), particulate matter 2.5 microns and smaller (PMz5), speciated
PM:., and meteorological parameters such as wind speed, wind direction, ambient
temperature, and barometric pressure.



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

The Jenison site (Ott awsa® 0L, n tLya;t Man i8t904r4 4140 2
85.852778) is a neighborhood scale siTtha si nt en
site is |l ocated west of Grand Rapids and is a

ozone awmduyneaamparticul ate matter 2.5 2n6,crons a
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par ametuerhsviarsd speed, wind direction, and ambi

Figure 4 presents the location of the Muskegon monitor in west 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  Muskegon and PM2s 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 ozone NAAs in the LADCO region;
Muskegon County was included in this analysis. Based on the CART analysis, the most
dominant weather conditions for ozone development in Muskegon County include
southerly winds and average temperatures greater than the low 80s.! Other factors that

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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historically have led to increased ozone levels are sunny skies and warmer upper-level
temperatures.

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 west Michigan. A typical event generally starts with a

Abuapa day where pollution begins increasing i
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
Muskegon monitor during events in June and July 2023 and July 2025 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 and during the summer of 2025,
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 the 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 Muskegon monitor. The event days of June 29, June 30, and July
25, 2023, and July 15, 2025, rank at or above the 99" percentile of 75 ppb, while June
19, 2023, is above the 98™ percentile of 71 ppb. June 29, June 30, and July 25, 2023,
ranked in the four highest concentrations in 2023 and July 15, 2025, was the highest
concentration in 2025.
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Figure 5. Time series of 20 21-2025 MDAS8 ozone concentrations at the  Muskegon
monitor . Data for June 19, June 29, June 30, and July 25, 2023, and for July 15,
2025, are shown in red (2025 monitor ing data are preliminary) .
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1.3 Wildfire description

2023

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 20@3 wildfire season with Ca n a d &0éysar
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 to 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 percent 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

Drought Intensity
D0 - Abnormally dry

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

Drought Intensity

The following information in this section details fire conditions leading up to and
including the event days of June 19, June 29, June 30, 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

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

10


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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exceeding a peak of 110,000 ha.® Wildfire 334, which at its peak burned 141,590.1 ha,

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
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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.

Figure 10. Picture of wildfire 334 in Quebec 10

10 Quebec wildfires: Cree community of Mistissini orders evacuation due to heavy smoke | The Gazette
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https://montrealgazette.com/news/quebec/quebec-wildfires-cree-community-of-mistissini-orders-evacuation-due-to-heavy-smoke
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Ccocoo7

The COCO07 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 !

Wildfires persisted through the end of June. Figures 13 through 18 below show fire
locations across Ontario and Quebec between June 28 and June 30. As previously
mentioned, the dry and warm weather did not let up throughout June and little to no
precipitation was seen in these Provinces. Many of the wildfires observed in these
figures are the same wildfires that started in the June 1 lightning event, which have held
strong and increased in size in some instances.

The end of June exhibited the worst air quality seen in decades. Numerous news
articles have been found discussing the visibility, or lack thereof, throughout Michigan
and the Midwest. Headlines and excerpts from various news articles are shared and
discussed below.

firhe skies over West Michigan and across the state were hazy and smoke-filled
Tuesday because of wildfire smoke from Canada. The conditions triggered air

11 Nearly 300K hectares burned in Ontario wildfires, extremely poor air quality continues | CTV News
Northern Ontario
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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
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guality alerts to be issued ranging from moderate to hazardous on the air quality
index.d?

fiMore than third of the US population is under air quality alerts, covering more than a
dozen states from the Midwest to the East Coast, as smoke from Canadian

wildfires sweeps across parts of the United States, prompting officials to call on the
public to take safety precautions just weeks after similar wildfire smoke blanketed
the Northeast.d?

Figure 12. Smoke from wildfires in Canada blankets Grand Rapids on Tuesday,
June 29, 20234

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 portions of some AFDs are included
below for context and reference.

12 See smoky air over Lake Michigan from wildfire prompting air quality alerts

13 CNN - More than a third of the US population, from the Midwest to the East Coast, under air quality
alerts from Canadian wildfire smoke

“Grand Rapids continues to face évery unhealthyo
15 l]owa Environmental Mesonet National Weather Service Raw Text Product | lowa State University
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https://www.mlive.com/news/grand-rapids/2023/06/see-smoky-air-over-lake-michigan-from-wildfire-prompting-air-quality-alerts.html
https://www.cnn.com/2023/06/27/us/canada-wildfire-smoke-great-lakes/index.html
https://www.cnn.com/2023/06/27/us/canada-wildfire-smoke-great-lakes/index.html
https://www.mlive.com/news/grand-rapids/2023/06/grand-rapids-continues-to-face-very-unhealthy-air-quality-these-outdoor-events-have-been-canceled.html
https://mesonet.agron.iastate.edu/wx/afos/list.phtml
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June 18, 20237 NWS GRR?¢

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
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

June 28, 2023 1 NWS GRRY

fSmoke trends continue to be monitored across the region. Referring to both the
HRRR smoke model as well as Environment Canada's National Wildfire Smoke
Model, the surface smoke parameter shows elevated levels this morning for most
areas near and south of a Muskegon to Alma line. The concentration slowly declines
into the afternoon. However, smoke concentration is shown to increase once again
on Thursday especially near and east of US 131. Thus, we will likely continue
dealing with surface smoke on and off right through Thursday unfortunately. Air
quality this morning is still very poor in some places according to various monitoring
stations in Michigan.o

June 30, 20237 NWS GRR*®

FAN Air Quality Alert continues today for wildfire smoke for much of the area and is
for both wildfire smoke and ozone for Muskegon, Ottawa, Kent, Allegan and Van
Buren counties. PM2.5 numbers have improved this morning however due to some
westerly flow as well as the rain. The west flow today should overall improve
conditions as we work through the day, but numbers are still not great with PM2.5
AQI values in the 150s at this hour.0

16 National Weather Service Text Product AFD GRR - June 18, 2023
17 National Weather Service Text Product AFD GRR - July 28, 2023
18 National Weather Service Text Product AFD GRR - July 30, 2023
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https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202306180527
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202306281153
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202306301150
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Figure 13. CWFIS map for June 28, 2023. Red-, blue -, and yellow -colored dots

indicate active wildfire locations.
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Figure 14. AirNow Tech map for June 28, 2023. Gray shaded areas are HMS

smoke and red triangles indicate active wildfire locations , and colored circles

represent the daily 24 -hour PM2s AQI levels. Unhealthy (red) to Very Unhealthy
purple) AQI levels are across the Great Lakes and Ohio Valley regions
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Figure 15. CWFIS map for June 29, 2023. Red-, blue -, and yellow -colored dots

indicate active wildfire locations.
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Figure 16. AirNow Tech map for June 29, 2023. Gray shaded areas are HMS

smoke and red triangles indicate active wildfire locations , and colored circles

represent the daily 24 -hour PM2s AQI levels. Unhealthy (red) to Very Unhealthy
purple) AQI levels are across the Great Lakes and Ohio Valley regions
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Wildfire Exceptional Event Demonstration for Ground-Level Ozone in the Muskegon County
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Figure 17. CWFIS map for June 30, 2023. Red-, blue -, and yellow -colored dots

indicate active wildfire locations.
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Figure 18. AirNow Tech map for June 30, 2023. Gray shaded areas are HMS

smoke and red triangles indicate active wildfire locations

, and colored circles

represent the daily 24 -hour PM2s AQI levels. Unhealthy for Sensitive Groups

parts f the Great Lakes region.
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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 21 and 22 below. Numerous wildfires remained ablaze from the June 1
lightning event, continued to grow, and impacted 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 19. Fire perimeter map for wildfire WEO18. Black outline with red shading
is the approximate fire perimeter. 6
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19 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 20. Fire perimeter map for wildfire WEO 27. Black outline with red shading
is the approximate fire perimeter. 6

v Overlays
Moose Lake 316 Base map
Crossing South Wilklam GeoGratis <
Lake
Bay
Moose -
_J Fire Weather Index ®
Lake Davidson &
i Davidson Y O Fire Danger ®
Lake A Lake estone
Vioose Lake3 1D Mose Lake 31A Lake Fire Perimeter Estimate ()
J ‘Moose Lake <@ Season-to-date buffered
= hotspots (> 1000 Ha)
el ) Fire M3 Hotspots ®
racken
Lake ) Season-to-date Hotspots ()
) Active Fires ®

J Reporting weather stations

Clesrwater _J Fire History ®

Lake

cle?’
p3)

Chemawawin 1

Cedar
Lake

Cross

Bay

. Hybord
i 10 km | 5 Grand Rapids 33
IsTand -~ 3

Factaruilla

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.

firhe 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.&°

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

20 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.&*!

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.&?

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,?3 and portions of some AFDs are included below for
context and reference.

July 24, 2023 i1 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

21 Smoke from hundreds of Canadian wildfires blankets northern US cities with air pollution | CBS News

22 \Vildfire smoke continues to encapsulate Michigan, affect air quality Wednesday | WDIV Click on Detroit
23 |owa Environmental Mesonet National Weather Service Raw Text Product | lowa State University

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

25 National Weather Service Text Product AFD GRR - July 25, 2023
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https://www.cbsnews.com/detroit/news/5-ways-parents-can-shore-up-a-middle-schoolers-self-image/
https://www.clickondetroit.com/news/michigan/2023/07/26/wildfire-smoke-continues-to-encapsulate-michigan-affect-air-quality-wednesday/
https://mesonet.agron.iastate.edu/wx/afos/list.phtml
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202307250148
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202307251727
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Figure 21. CWFIS map for July 25, 2023. Red-, blue -, and yellow -colored dots
indicate active wildfire locations.
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Figure 22. 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

Table4listse GLEG6s Ai r QuAQD) faregcastd, public Bealthh mesgages, and
air quality alerts that were issued during wildfire smoke episodes in June and July 2023.
These products were sent to notify the public of deteriorating air quality conditions due
to wildfire smoke.

Table 4. AQD forecasts, p ublic health messages, 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

June 27, 2023 Michigan Department of Health & Human | Press Release
Services

June 27, 2023 AQD - Relayed by National Weather Air Quality Alert
Service Grand Rapids

June 28, 2023 AQD Air Quality Forecast Appendix A

June 28, 2023 AQD - Relayed by National Weather Air Quality Alert
Service Grand Rapids

June 29, 2023 AQD Air Quality Forecast Appendix A

June 29, 2023 AQD - Relayed by National Weather Air Quality Alert
Service Grand Rapids
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https://www.michigan.gov/mdhhs/inside-mdhhs/newsroom/2023/06/27/air-quality
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202306271542
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202306281529
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202306290827
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Date Agency Message

June 30, 2023 AQD - Relayed by National Weather Air Quality Alert
Service Grand Rapids

June 30, 2023 CDC Health Advisory

July 24, 2023 AQD Air Quality Forecast Appendix A

July 24, 2023 AQD - Relayed by National Weather Air Quality Alert
Service Grand Rapids

July 25, 2023 AQD Air Quality Forecast Appendix A

2025

The 2025 wildfire season in Canada has been another active season and The Canadian

Press reported in Junethatt he 2025 season is Athe second

wildfire season.&® For the purpose of this document, we will be focusing on the wildfires
that took place in the provinces of Saskatchewan, Manitoba, and Ontario. According to
the National Wildland Fire Situation Report weekly graphs from September 24, 2025,%’
484 fires burned 2,896,258 ha in Saskatchewan, 430 fires burned 2,169,092 ha in
Manitoba, and 560 fires burned 597,515 ha in Ontario.

Table 5 below documents how the 2025 wildfire season compared to the average.
While the number of fires is just over the 10-year average, the area burned is well
above the 10-year average.

Table 5. Comparison of Ca n a d2026svildfire season with Ca n a d H-§ear
averag e (current as of September 24, 2025) 28

Number of Fires Area Burned (ha)
2025 Wildfire Season 5,508 8,815,180
10-Year Average 5,347 4,077,876

Additionally, dry conditions were observed throughout June and July in the Canadian
provinces. AAFC Drought Monitor report for July 2025 documents short-term (less than
6 months) and long-term (longer than 6 months) drought throughout Canada. Figure 23
below, from the AAFC, documents the drought conditions in June?® and July.2° Portions
of Saskatchewan, Manitoba, and Ontario received less than 40 percent of the average
precipitation in July.3!

%The 2025 wildfire season_ iwsrstonrecdard ack t o be Canadabos
27 National Wildland Fire Situation Report i Weekly Graphs September 24, 2025

28 National Wildland Fire Situation Report - September 24, 2025

29 Agriculture and Agri-Food Canada (AAFC) | Canadian Drought Monitor - June

30 Agriculture and Agri-Food Canada (AAFC) | Canadian Drought Monitor - July

31 Agriculture and Agri-Food Canada (AAFC) | Canadian Drought Monitor - July

26

W o

2


https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202306300819
https://emergency.cdc.gov/han/2023/han00495.asp?ACSTrackingID=USCDC_511-DM108456&ACSTrackingLabel=HAN%20495%20-%20General%20Public&deliveryName=USCDC_511-DM108456
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202307241742
https://www.ctvnews.ca/canada/wildfires/article/the-2025-wildfire-season-is-on-track-to-be-canadas-2nd-worst-on-record/#:~:text=The%202025%20wildfire%20season%20is%20on%20track,record%20in%20Canada%2C%20according%20to%20government%20data.
https://cwfis.cfs.nrcan.gc.ca/report/graphs#gr1
https://cwfis.cfs.nrcan.gc.ca/report/archives?year=2025&month=09&day=24&process=Submit
https://publications.gc.ca/collections/collection_2025/aac-aafc/A27-39-2025-6-eng.pdf
https://agriculture.canada.ca/atlas/data_donnees/canadianDroughtMonitor/maps_cartes/en/conditionMap/2025/cdm_2507_en.pdf
https://agriculture.canada.ca/atlas/data_donnees/canadianDroughtMonitor/maps_cartes/en/monthlyReport/2025/cdm_2507_mn_en.pdf
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Figure 23. AAFC Canadian Drought Monitor map showing drought intensity for
June and July 202 5. Drought intensity increases from yellow (abnormally dry) to
dark red (exceptional drought).
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02 Seven
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oot ©2025 Aanculiee 3 Aar-Food Carada

The following information in this section details fire conditions leading up to and
including the event day of July 15, 2025. The figures below include maps from the
CWEFIS®? and AirNow Tech Navigator. These maps identify active wildfire locations.

By mid-July, numerous wildfires were active across central Saskatchewan, Manitoba,
and western Ontario, and the locations of these fires are visualized in Figure 24 and
Figure 25. The more prevalent wildfires are identified as Red Lake 12 and NOO0O5 and
are further discussed below.

32 canadian Wildland Fire Information System | Interactive map (nrcan.gc.ca)
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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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Figure 24. CWFIS map for July 15, 2025 . Red-, blue -, yellow -, and purple -colored

dots indicate active wildfire locations.
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Figure 25. AirNow Tech map for July 15, 2025 . Gray shaded areas are HMS
smoke , red triangles indicate active wildfire locations , and colored circles are
daily 24 -hour PM2sAQI levels .

Red Lake 12

The Red Lake 12 Fire ignited on May 28, 2025, in western Ontario. At its peak, the fire
reached 195,670.4 ha and as of September 2025 continued to burn. Currently the fire is
under control. The Sandy Lake and Deer Lake communities were evacuated due to the
Red Lake 12 Fire.%¢ EGLE has been unable to find data stating the official cause of the
wildfire. Figure 26 shows a perimeter map of the wildfire and subsequent figures include
pictures of the wildfire. The headline of a West River Eagle news article emphasizes the
magnitude of Red Lake 12:

AiMassive forest fire is the b#ggest ever mea

33 NWO News Watch | Massive forest fire is the biggest ever measured in the province
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https://www.nwonewswatch.com/local-news/massive-forest-fire-is-the-biggest-ever-measured-in-the-province-10876453
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Figure 26. Fire perimeter map for wildfire Red Lake 12.  Red outline is the
approximate fire perimeter 34
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34 Ontario Ministry of Natural Resources | Forest Fire Info Map
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https://www.lioapplications.lrc.gov.on.ca/ForestFireInformationMap/index.html?viewer=FFIM.FFIM
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Figure 27. A picture of a water bomber over Red Lake 12 Fire 3%

B Toronto Star | This massive blaze & ssitelpasest to become
weaknesses in the ranger system

31


https://www.thestar.com/news/ontario/this-massive-blaze-is-about-to-become-ontarios-largest-ever-as-it-exposes-weaknesses-in/article_a1162017-ce03-47bc-9372-fe33d5618c5c.html
https://www.thestar.com/news/ontario/this-massive-blaze-is-about-to-become-ontarios-largest-ever-as-it-exposes-weaknesses-in/article_a1162017-ce03-47bc-9372-fe33d5618c5c.html
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Figure 28. A picture of Red Lake 12 Fire 36

NOO0O05

The NOOO5 Fire ignited on May 20, 2025, by human cause in central Manitoba. At its
peak, the fire reached 179,508 ha and as of September 2025 continued to burn.
Currently the fire is under control. The Pimicikamak Cree Nation and Incorporated
Community of Cross Lake were evacuated due to the wildfire.3” Figure 29 shows a
perimeter map of the wildfire and subsequent figures include pictures of the wildfire.
According to a news article by the Canadian Broadcasting Corporations (CBC), as of
June 3, 2025:

frhe fire about 13Y2 kilometers southwest of Pimicikamak is approximately 3,300
hectares and out of control. Despite the distance, embers the size of Monias's

hand have been blowing in from that blaze, and they're still warm when they land, he
said.o

36 CBC News | After weeks of escalation, rainfall has reduced wildfire hazards across northwestern
Ontario
37 Manitoba Government | Fire Bulletin #30
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https://www.cbc.ca/news/canada/thunder-bay/wildfire-update-northwestern-ontario-1.7570491
https://www.cbc.ca/news/canada/thunder-bay/wildfire-update-northwestern-ontario-1.7570491
https://news.gov.mb.ca/news/?item=69560
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Figure 29. Fire perimeter for NO0O5 fire.38
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Figure 30. A picture of Highway 6, northwest of Pimicikamak Cree Nation

Manitoba near NOQOS5 fire .3°

38 Manitoba Government | FireView 2025

39 CBC News | Pimicikamak chief frustrated with residents refusing to flee wildfire, says arrests should be

made
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https://www.gov.mb.ca/conservation_fire/Fire-Maps/fireview/fireview_map.html
https://www.cbc.ca/news/canada/manitoba/pimicikamak-cree-nation-wildfire-evacuations-manitoba-1.7550652
https://www.cbc.ca/news/canada/manitoba/pimicikamak-cree-nation-wildfire-evacuations-manitoba-1.7550652
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Figure 31. A picture of Highway 373 looking toward Pimicikamak Cree Nation and
Cross Lake, Manitoba near NOOQOS5 fire. 39

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 14, 20257 NWS GRR#

firhere will continue to be quite a bit of haze today due to smoke infiltrating the region
from Canadian fires. Given the high pressure and weak flow, it could persist through
tomorrow.o

Table 6 lists AQD forecasts and air quality alerts that were issued leading up to and
during the wildfire smoke episode on July 15, 2025. These products were sent to notify
the public of deteriorating air quality conditions due to wildfire smoke. Additionally,
Figure 32 below shows haze associated with the wildfires at Pere Marquette Park
Beach in Muskegon on July 15, 2025.

40 |owa Environmental Mesonet
41 National Weather Service Text Product AFD GRR - July 14, 2025
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https://mesonet.agron.iastate.edu/wx/afos/list.phtml
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AFDGRR&e=202507141930

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

Table 6. AQD forecasts and air quality alerts for the July 15, 2025, wildfire smoke

episode .

Date Agency Message

July 13, 2025 AQD Air Quality Forecast Appendix A

July 13, 2025 AQD - Relayed by National Weather Air Quality Alert
Service Grand Rapids

July 14, 2025 AQD Air Quality Forecast Appendix A

July 15, 2025 AQD i Relayed by National Weather Air Quality Alert
Service Grand Rapids

Figure 32. A picture taken from the Muskegon Surf Cam located at Pere Marquette
Park Beach in Muskegon looking at Lake Michigan on July 15, 2025. 42

2025-07-115108:34:40:PM

1.4 Conceptual model of ozone formation and transport from wildfire s

Wildfire smoke plumes contain numerous precursors that 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.*?

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

42 Muskegon Surfcam | July 15, 2025

43 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
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https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202507131554
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=AQAGRR&e=202507151603
https://www.facebook.com/muskegonsurfcam/videos/1068120811958656/
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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
Aimakes up approximately 90% of t hed'Thehighl part
concentrations of PM2s recorded at west Michigan monitors prior to and on event days

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

ozone concentrations on June 19, June 29, June 30, and July 25, 2023, and on July 15,

2025, were caused by these wildfire precursors.

2. Clear Causal Relationship and Supporting Analyses

The USEPAGs Exceptional Event-tiedappr@eachdoeclearut | i nes
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
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 and July 2025 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).

44 Trees of the Boreal Forest

45Singh, 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.

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

47 What is wildfire smoke made of? Examining the composition of wildfire-related air pollution
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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. The fires seen in 2025 were
located approximately 1,100 km to 1,800 km northwest of west Michigan, daily
emissions from any one fire would need to exceed 110,000 tons to 180,000 tons to
meet the criteria dEmissons@imbdhereshi@ ot large erough m.
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 above the 99%
percentile of the 5-year distribution of ozone monitoring data or is one of the four
highest ozone concentrations seen in a year. The event days of June 29, June 30, and
July 25, 2023, and July 15, 2025, are within the 99% percentile of the 5-year
distribution, and the days are among the four highest concentrations seen in 2023 and
2025. Therefore, Key Factor #2 is met for those dates.

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 demonstration
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, a meteorologically (met) adjusted
ozone trends analysis, or a matching day analysis to show a clear causal relationship
between wildfire emissions and elevated ozone concentrations. The Tier 3 analysis was
performed for the Muskegon monitor on June 19, June 29, June 30, and July 25, 2023,
and on July 15, 2025. 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, June 29, June 30, and July 25, 2023, and July 15,
2025.

2.1.1 Tracking smoke and wildfire emissions transport to Michigan

June 19, 2023, Event

The satellite imagery and surface maps in Figure 33 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 Ontario and Quebec,
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.
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The Great Lakes region was positioned between the boundary and low-pressure area to
the south and a high-pressure area to the northeast. Smoke reaching the surface was
evident from PMz2.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) 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 34.

Figure 33. 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 34. Max. 8-hour ozone concentrations (left) and max. 24-hour daily average

PM2.5 concentrations (right) on
by date).
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June 29 and June 30, 2023, Event

From June 25 through June 30, distinct airmass transport patterns connected the upper
Midwest with Canada and brought smoke into the Great Lakes Basin. During June 25
through June 27, a large surface low-pressure area moved from west to east across the
Lower Peninsula of Michigan. The cyclonic (i.e., counterclockwise) circulation around
the system carried smoke into the upper Midwest from source regions in Ontario and
Quebec. Thick smoke from the Canadian wildfires was transported along the trailing
edge of the low-pressure system as it moved east through the Great Lakes Basin.
Stable air prevailed during this period along with a persistent northerly to northwesterly
wind flow.

At upper |l evels a blocking O62btheoghdune@gttern fo
which featured two low-pressure systems sitting over the Pacific Northwest and the

northern Great Lakes blocked by a ridge of high pressure over the Great Plains. This

weather setup allowed smoke from Canada to be transported into the Great Lakes

region and build up at the surface across the region. Satellite imagery and surface

weather maps from June 25-27 are shown in Figure 35. On the satellite images, the dull

gray color surrounding the Great Lakes region represents smoke compared to the

brighter white clouds.
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Figure 35. 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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