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EXECUTIVE SUMMARY 

 

From mid-May through mid-September of 2023, smoke from wildfires across Canada directly 

affected the air quality in North Dakota.  The 2023 Canadian wildfires produced particulate matter 

(PM) emissions that are outside the regulatory control and jurisdictional borders of the North 

Dakota Department of Environmental Quality (NDDEQ), which regulates air pollution on state 

land within the State of North Dakota. 

 

The U.S. Environmental Protection Agency’s (EPA) Treatment of Data Influenced by Exceptional 

Events (Exceptional Event Rule) (40 CFR § 50.14) details what air regulatory agencies are 

required to demonstrate to exclude exceptional event-related concentrations from regulatory 

determinations. The following components must be included in a demonstration: 

A. A narrative conceptual model that describes the event causing the exceedance or violation 

and a discussion of how emissions from the event led to the exceedance or violation at the 

affected monitor(s). (See Section III.) 

B. 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. 

(See Section IV.) 

C. Analyses comparing the claimed event-influenced concentration(s) to concentrations at the 

same monitoring site at other times. (See Section IV.) 

D. A demonstration that the event was both not reasonably controllable and not reasonably 

preventable. (See Section V.) 

E. A demonstration that the event was a human activity that is unlikely to recur at a location 

or was a natural event. (See Section VI.) 

F. Documentation that the submitting air regulatory agency followed the public comment 

process. (See Section VII.) 

 

This demonstration addresses all required components of a request to exclude exceptional event-

related data, as detailed in 40 CFR § 50.14. 

 

The North Dakota Department of Environmental Quality (NDDEQ) – Division of Air Quality 

(Division) is requesting exclusion of exceptional event concurred particulate matter (PM2.5 and 

PM10) data, recorded by various monitoring sites, from the data record due to a wildfire smoke 

exceptional event (Event) from mid-May through mid-September 2023. 

  



 

 
 

TABLE OF CONTENTS 

 

Section I.  Introduction ................................................................................................................................. 1 

I.1  Overview ............................................................................................................................................ 1 

I.2  Clean Air Act Requirements ............................................................................................................... 4 

I.3  Exceptional Event Rule Requirements ............................................................................................... 5 

I.4  Canadian Wildfire Impacts on PM Design Values in North Dakota ................................................... 6 

I.5  Action Requested ................................................................................................................................ 7 

Section II.  Overview of North Dakota Ambient Air Quality Monitoring Network ..................................... 7 

II.1  North Dakota Particulate Matter Ambient Air Quality Monitoring .................................................. 7 

II.2  PM2.5 T640/T640X Federal Equivalent Method Monitor Data ......................................................... 8 

Section III.  Narrative Conceptual Model ..................................................................................................... 9 

III.1  2023 Canadian Wildfires and Smoke ............................................................................................... 9 

III.2  North Dakota Smoke Impacts ........................................................................................................ 14 

III.2.1  May 2023 ................................................................................................................................ 15 

III.2.2  June 2023 ................................................................................................................................ 21 

III.2.3  July 2023 ................................................................................................................................. 27 

III.2.4  August 2023 ............................................................................................................................ 32 

III.2.5  September 2023....................................................................................................................... 40 

Section IV.  Clear Causal Relationship ....................................................................................................... 49 

IV.1  PM2.5 Tiering Tool for Exceptional Event Analysis ....................................................................... 50 

IV.2  PM10 Historic Fluctuations for Exceptional Event Analysis .......................................................... 50 

IV.3  Canadian Wildfire Smoke Impacts Particulate Matter Monitors ................................................... 51 

IV.3.1  May 2023................................................................................................................................. 52 

IV.3.2  June 2023................................................................................................................................. 56 

IV.3.3  July 2023 ................................................................................................................................. 61 

IV.3.4  August 2023 ............................................................................................................................. 65 

IV.3.5  September 2023 ....................................................................................................................... 71 

IV.4  Clear Causal Conclusion ................................................................................................................ 78 

Section V.  Not Reasonably Controllable and Not Reasonable Preventable ............................................... 78 

Section VI.  Natural Event or Human Activity Unlikely to Recur at a Particular Location ....................... 79 

Section VII.  Public Notification ................................................................................................................. 80 

VII.1  Public Outreach ............................................................................................................................ 80 

VII.2  Notice and Opportunity for Comment .......................................................................................... 81 

Section VIII.  Conclusion ............................................................................................................................ 81 



 

 
 

 

Appendix A  Initial Notification of North Dakota 2023 PM2.5 & PM10 Wildfire Exceptional Event 

Appendix B  2023 Annual Ambient Air Monitoring Data Certification (without attachments) 

Appendix C  NDDEQ Press Releases and News Stories 

Appendix D  PM2.5 Tiering Tool Analyses 

Appendix E  PM10 Historic Fluctuation Analyses 

Appendix F  AMP350 Reports 

Appendix G  Public Comments 

 



 

1 

 

SECTION I.  INTRODUCTION 

 

I.1  Overview 

The Exceptional Event Demonstration shows that all nine North Dakota air monitoring sites were 

impacted by smoke from wildfires across Canada from mid-May through late-September 2023, 

causing daily particulate matter (PM) concentrations to exceed the level of the 24-hour PM2.5 

National Ambient Air Quality Standard (NAAQS) of 35 µg/m3, new 2024 PM2.5 Annual NAAQS 

of 9.0 µg/m3, as well as the 24-hour PM10 NAAQS of 150 µg/m3.  The 2023 Canadian wildfires 

produced PM emissions that are outside the regulatory control and jurisdictional borders of the 

North Dakota Department of Environmental Quality (NDDEQ), which regulates air pollution on 

state land within the State of North Dakota.   

 

This demonstration includes 55 dates at nine PM2.5 monitors for a total of 239 PM2.5 monitor event 

days and one date at three PM10 monitors for a total of three PM10 monitor event days.  The daily 

PM event concentrations included in this demonstration are for the following timeframes and were 

the result of smoke impacts from Canadian wildfires, as described in this document. 

 

May 16-18 

May 20-23 

June 6 

June 13-18 

June 27 

June 29-July 1 

July 3 

July 9 

July 14-16 

July 21-24 

August 4-8 

August 17-19 

August 28-Sept. 1 

September 3-8 

September 10 

September 15-22

All North Dakota monitors have design values for 2020-2022 that are meeting the existing and 

new 2024 PM2.5 annual NAAQS as well as the existing 24-hour PM2.5 and 24-hour PM10 NAAQSs.  

Monitored data in 2023 exceeded the levels of the 24-hour PM2.5 NAAQS, new 2024 PM2.5 annual 

NAAQS, as well as the 24-hour PM10 NAAQS.  More specifically in 2023, three of three PM10 

monitors have 24-hour concentrations that are above the level of the 24-hour PM10 NAAQS; six 

of nine PM2.5 monitors have annual mean concentrations that are above the level of the new 2024 

PM2.5 annual NAAQS; and nine of nine PM2.5 monitors have 98th percentile 24-hour 

concentrations that are equal to or above the level of the 24-hour PM2.5 NAAQS.  Furthermore, 

the 2023 monitored data impacted by Canadian wildfire smoke significantly increased the 2021-

2023 design values for the PM2.5 24-hour NAAQS, PM2.5 annual NAAQS, and PM10 24-hour 

NAAQS.  See Appendix A, Table B for 2021-2023 design value information for all North Dakota 

PM2.5 and PM10 monitors for the PM2.5 24-hour NAAQS, PM2.5 annual NAAQS, and PM10 24-

hour NAAQS. 

 

The NDDEQ requests that the U.S. Environmental Protection Agency (EPA) concur with the 

exclusion from the data record the specified PM2.5 (24-hour and annual) and PM10 (24-hour) Event 

concentrations in Table 1 as well as in Appendix A, Table A.  The Event concentrations were all 

above the level of the EPA PM2.5 Tier 1 thresholds for each site or above the level of the PM10 24-

hour NAAQS, were all influenced by smoke from Canadian wildfires included in this 

demonstration, and impact regulatory determinations concerning North Dakota’s attainment of the 

NAAQS. The days and sites for which the NDDEQ is requesting concurrence were impacted by 

an Event consistent with EPA’s definition of “unusual or naturally occurring events that can affect 

air quality but are not reasonably controllable using techniques that tribal, state, or local air 

agencies may implement in order to attain and maintain the [NAAQS]” (USEPA, 2020a). 
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Table 1.  PM2.5 (24-hour) and PM10 (24-hour) Event Concentrations 

DATE MONITOR NAME 
PM2.5 

(µg/m3) 

05/16/2023 Fargo NW 26.2 

05/17/2023 

 

Painted Canyon (TRNP-SU) 150.9 

Lostwood NWR 210.6 

Bismarck Residential 195.2 

Fargo NW 47.6 

Lake Ilo NWR 232.4 

TRNP-NU 221.8 

Beulah North 210.3 

Hannover 235.0 

Ryder 201.9 

05/18/2023 

 

Painted Canyon (TRNP-SU) 46.3 

Lostwood NWR 28.3 

Bismarck Residential 56.4 

Fargo NW 88.2 

Lake Ilo NWR 41.9 

TRNP-NU 40.4 

Beulah North 45.4 

Hannover 66.9 

Ryder 31.6 

05/20/2023 

 

Lostwood NWR 25.7 

Lake Ilo NWR 21.8 

05/21/2023 

 

Painted Canyon (TRNP-SU) 32.9 

Lostwood NWR 23.7 

Bismarck Residential 20.5 

Lake Ilo NWR 37.0 

Beulah North 27.4 

Hannover 30.2 

Ryder 20.4 

05/22/2023 

 

Painted Canyon (TRNP-SU) 24.1 

Lostwood NWR 29.7 

05/23/2023 

 

Painted Canyon (TRNP-SU) 27.9 

Lostwood NWR 33.1 

Bismarck Residential 28.2 

Fargo NW 22.8 

Lake Ilo NWR 27.3 

TRNP-NU 24.3 

Beulah North 26.5 

Hannover 30.6 

Ryder 26.7 

06/06/2023 Fargo NW 20.5 

06/13/2023 

 

Lostwood NWR 22.2 

Lake Ilo NWR 21.1 

Ryder 21.4 

06/14/2023 

 

Lostwood NWR 23.5 

Bismarck Residential 23.4 

Fargo NW 71.5 

   

   

DATE MONITOR NAME 
PM2.5 

(µg/m3) 

06/15/2023 

 

Bismarck Residential 57.1 

Fargo NW 22.9 

Hannover 33.1 

Ryder 26.1 

06/16/2023 

 

Lostwood NWR 24.1 

Fargo NW 20.2 

Lake Ilo NWR 24.1 

Ryder 20.1 

6/17/2023 Lostwood NWR 20.1 

Bismarck Residential 23.9 

Fargo NW 22.8 

Hannover 21.5 

Ryder 20.8 

06/18/2023 Fargo NW 21.2 

06/27/2023 

 

Bismarck Residential 21.2 

Fargo NW 30.2 

06/29/2023 

 

Lostwood NWR 35.9 

Ryder 26.6 

06/30/2023 

 

Lostwood NWR 39.4 

Fargo NW 21.2 

TRNP-NU 20.7 

Hannover 20.4 

Ryder 36.6 

07/01/2023 Fargo NW 27.2 

07/03/2023 Lostwood NWR 25.9 

07/09/2023 Lostwood NWR 20.9 

07/14/2023 

 

Painted Canyon (TRNP-SU) 52.9 

Lostwood NWR 94.6 

Bismarck Residential 52.8 

Fargo NW 36.3 

Lake Ilo NWR 70.6 

TRNP-NU 67.4 

Beulah North 50.6 

Hannover 56.9 

Ryder 67.8 

07/15/2023 

 

Painted Canyon (TRNP-SU) 69.2 

Lostwood NWR 52.5 

Bismarck Residential 50.4 

Fargo NW 26.1 

Lake Ilo NWR 76.1 

TRNP-NU 79.8 

Beulah North 45.3 

Hannover 52.5 

Ryder 50.1 
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DATE MONITOR NAME 
PM2.5 

(µg/m3) 

07/16/2023 Painted Canyon (TRNP-SU) 46.9 

Lostwood NWR 21.5 

Bismarck Residential 33.9 

Lake Ilo NWR 38.9 

TRNP-NU 41.7 

Beulah North 29.8 

Hannover 35.1 

Ryder 29.4 

07/21/2023 Lostwood NWR 20.9 

07/22/2023 

 

Lostwood NWR 29.8 

Bismarck Residential 24.4 

Lake Ilo NWR 21.6 

Hannover 22.3 

Ryder 28.3 

07/23/2023 Fargo NW 27.5 

07/24/2023 Fargo NW 33.7 

08/04/2023 

 

Bismarck Residential 22.5 

Fargo NW 39.0 

08/05/2023 

 

Bismarck Residential 25.9 

Fargo NW 21.4 

08/06/2023 

 

Lostwood NWR 40.4 

Bismarck Residential 21.3 

Ryder 31.5 

08/07/2023 

 

Lostwood NWR 72.1 

Bismarck Residential 36.9 

Fargo NW 22.6 

Lake Ilo NWR 34.8 

TRNP-NU 34.3 

Beulah North 34.5 

Hannover 55.8 

Ryder 72.1 

08/08/2023 Lostwood NWR 30.3 

08/17/2023 

 

Bismarck Residential 21.9 

Fargo NW 30.9 

08/18/2023 Lostwood NWR 22.6 

Fargo NW 22.2 

Lake Ilo NWR 27.4 

TRNP-NU 21.9 

Ryder 22.7 

08/19/2023 Bismarck Residential 21.8 

08/28/2023 

 

Lostwood NWR 51.9 

Bismarck Residential 25.8 

Lake Ilo NWR 32.4 

TRNP-NU 30.3 

Beulah North 22.2 

Hannover 25.1 

Ryder 42.8 

   

   

   

DATE MONITOR NAME 
PM2.5 

(µg/m3) 

08/29/2023 

 

Painted Canyon (TRNP-SU) 33.4 

Lostwood NWR 70.4 

Bismarck Residential 66.3 

Fargo NW 42.5 

Lake Ilo NWR 56.2 

TRNP-NU 49.3 

Beulah North 54.5 

Hannover 63.2 

Ryder 68.3 

08/30/2023 

 

Painted Canyon (TRNP-SU) 33.2 

Lostwood NWR 59.2 

Bismarck Residential 55.9 

Fargo NW 33.8 

Lake Ilo NWR 54.9 

TRNP-NU 50.3 

Beulah North 47.4 

Hannover 55.9 

Ryder 53.0 

08/31/2023 Fargo NW 22.2 

09/01/2023 Lostwood NWR 34.0 

Bismarck Residential 22.4 

Lake Ilo NWR 24.6 

TRNP-NU 23.7 

Hannover 25.1 

Ryder 26.8 

09/03/2023 

 

Painted Canyon (TRNP-SU) 27.4 

Lostwood NWR 94.8 

Bismarck Residential 31.6 

Fargo NW 24.1 

Lake Ilo NWR 54.6 

TRNP-NU 38.1 

Beulah North 42.0 

Hannover 46.9 

Ryder 67.0 

09/04/2023 

 

Painted Canyon (TRNP-SU) 35.0 

Lostwood NWR 71.8 

Lake Ilo NWR 65.6 

TRNP-NU 58.5 

Beulah North 36.7 

Hannover 38.5 

Ryder 50.1 
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DATE MONITOR NAME 
PM2.5 

(µg/m3) 

09/05/2023 

 

Painted Canyon (TRNP-SU) 79.1 

Lostwood NWR 66.5 

Bismarck Residential 87.5 

Fargo NW 55.1 

Lake Ilo NWR 88.0 

TRNP-NU 76.2 

Beulah North 68.4 

Hannover 86.4 

Ryder 72.0 

09/06/2023 Painted Canyon (TRNP-SU) 52.0 

Lostwood NWR 32.4 

Bismarck Residential 46.3 

Fargo NW 33.7 

Lake Ilo NWR 48.1 

TRNP-NU 48.4 

Beulah North 29.5 

Hannover 40.5 

Ryder 40.8 

09/07/2023 

 

Painted Canyon (TRNP-SU) 34.2 

Lostwood NWR 55.7 

Bismarck Residential 50.5 

Fargo NW 31.5 

Lake Ilo NWR 41.6 

TRNP-NU 37.5 

Beulah North 37.7 

Hannover 45.0 

Ryder 43.1 

09/08/2023 

 

Bismarck Residential 32.2 

Fargo NW 23.9 

Hannover 24.3 

Ryder 24.9 

DATE MONITOR NAME 
PM2.5 

(µg/m3) 

09/10/2023 Fargo NW 20.3 

09/15/2023 

 

Lostwood NWR 70.6 

Bismarck Residential 66.4 

Fargo NW 34.7 

Lake Ilo NWR 34.6 

TRNP-NU 20.6 

Beulah North 48.7 

Hannover 64.7 

Ryder 66.4 

09/16/2023 Lostwood NWR 25.2 

Bismarck Residential 62.7 

Fargo NW 23.8 

Lake Ilo NWR 53.1 

TRNP-NU 34.4 

Beulah North 41.6 

Hannover 51.3 

Ryder 25.3 

09/17/2023 Lake Ilo NWR 22.0 

09/18/2023 Bismarck Residential 22.0 

09/19/2023 

 

Lostwood NWR 40.9 

Ryder 21.9 

09/20/2023 

 

Bismarck Residential 46.5 

Fargo NW 36.5 

Lake Ilo NWR 24.4 

Beulah North 25.1 

Hannover 35.1 

Ryder 20.6 

09/21/2023 Bismarck Residential 23.3 

09/22/2023 

 

Lostwood NWR 22.5 

Ryder 23.2 

DATE MONITOR NAME 
PM10 

(µg/m3) 

05/17/2023 Lostwood NWR 151 

Bismarck Residential 303 

Lake Ilo NWR 176 

 

I.2  Clean Air Act Requirements 

The EPA 1987 PM10 National Ambient Air Quality Standard (NAAQS) is a 24-hour standard of 

150 µg/m3.  The 24-hour PM10 standard is met when the 24-hour average of 150 µg/m3 is not 

exceeded more than once per year on average over three years (40 CFR § 50.6).  The EPA 2024 

PM2.5 National Ambient Air Quality Standard (NAAQS) has two components:  an annual average 

standard of 9.0 µg/m3 and a 24-hour average standard of 35 µg/m3.  The 24-hour PM2.5 standard 

is met when the three-year average of the 98th percentile 24-hour concentrations is less than or 

equal to 35 µg/m3 (40 CFR § 50.20).  The annual PM2.5 standard is met when the three-year annual 

arithmetic mean is less than or equal to 9.0 µg/m3 (40 CFR § 50.20). 
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Promulgation of the new 2024 PM2.5 annual NAAQS has triggered the state recommendation 

process to be followed by the EPA designation process.  As part of these regulatory processes, the 

three-year design values to be relied upon for the PM2.5 annual NAAQS state attainment 

recommendations (2021-2023) and EPA attainment designations (2022-2024), will be significantly 

increased as a result of monitored data directly affected by Canadian wildfire smoke in 2023.  As 

such, the NDDEQ considers this Event to be of regulatory significance.  

 

States are required to submit area recommendations by February 7, 2025.  As part of this regulatory 

process, North Dakota is submitting this exceptional event demonstration to exclude Event 

concentration data from the 2021-2023 design value calculations that will be relied upon by the 

state in making its designation recommendation.  In addition, North Dakota is submitting this 

exceptional event demonstration to exclude Event concentration data from the 2022-2024 design 

value calculations that will be relied upon by the EPA in making its attainment designations. 

 

The Event concentrations will affect future year’s design values, with the potential of future 

NAAQSs violations, which is also of regulatory significance because of the NDDEQ’s reliance on 

ambient data to determine compliance with the NAAQS at state run air monitoring stations.  

Additionally, these data are used in NDDEQ’s air pollution control permitting process as well as 

by the US EPA and third parties in evaluating North Dakota’s air quality.  These reasons 

demonstrate the need to accurately portray anthropogenic versus non-anthropogenic or 

“exceptional” air quality issues outside the regulatory control and jurisdictional borders of the 

NDDEQ to the public by means of excluding exceptional event concurred data from the data 

record. 

 

North Dakota is submitting this exceptional event demonstration to exclude Event concentration 

data from the data record for the specified PM2.5 (24-hour and annual) and PM10 (24-hour) Event 

concentrations in Table 1, which impact regulatory decisions about North Dakota’s attainment of 

the NAAQS. 

 

I.3  Exceptional Event Rule Requirements 

EPA’s Treatment of Data Influenced by Exceptional Events (Exceptional Event Rule) (81 Fed. 

Reg. 68,216) details what air agencies must demonstrate in order to exclude exceptional event-

related concentrations from regulatory determinations.  The following are requirements under 40 

CFR § 50.14(c)(3)(iv)(A–E) and (c)(3)(v)(A): 

A. 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). (See Section III.) 

B. 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. 

(See Section IV.) 

C. Analyses comparing the claimed event-influenced concentration(s) to concentrations at the 

same monitoring site at other times to support the requirement in paragraph (c)(3)(iv)(B) 

of this section. (See Section IV.) 

D. A demonstration that the event was both not reasonably controllable and not reasonably 

preventable. (See Section V.) 
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E. A demonstration that the event was a human activity that is unlikely to recur at a location 

or was a natural event. (See Section VI.) 

F. Documentation that the submitting air regulatory agency followed the public comment 

process. (See Section VII.) 

 

The Exceptional Events Rule further provides that for wildfire exceptional events, the wildfire 

must occur predominantly on wildland. 

40 CFR § 50.14(b)(4): Wildfires. The Administrator shall exclude data from use in 

determinations of exceedances and violations where a State demonstrates to the 

Administrator's satisfaction that emissions from wildfires caused a specific air 

pollution concentration in excess of one or more national ambient air quality 

standard at a particular air quality monitoring location and otherwise satisfies the 

requirements of this section. Provided the Administrator determines that there is no 

compelling evidence to the contrary in the record, the Administrator will determine 

every wildfire occurring predominantly on wildland to have met the requirements 

identified in paragraph (c)(3)(iv)(D) of this section regarding the not reasonably 

controllable or preventable criterion. 

 

The definition for “wildland” is provided in 40 CFR § 50.1(o). The term “wildland” issued in this 

document is consistent with this definition. 

40 CFR § 50.1(o): Wildland means an area in which human activity and 

development are essentially non-existent, except for roads, railroads, power lines, 

and similar transportation facilities. Structures, if any, are widely scattered. 

 

This demonstration addresses the above requirements in showing that the smoke from the 2023 

Canadian wildfires caused the PM2.5 and PM10 Event concentrations throughout North Dakota.  In 

addition, the NDDEQ will provide a 30-day public comment period on this exceptional event 

demonstration from December 18, 2024, through January 17, 2025.  

 

I.4  Canadian Wildfire Impacts on PM Design Values in North Dakota 

The annual PM2.5 design value (DV) is calculated using the 3-year average.  More specifically, the 

annual PM2.5 standard is met when the three-year annual arithmetic mean is less than or equal to 

9.0 µg/m3 (40 CFR § 50.20).  North Dakota is submitting this exceptional event demonstration to 

exclude Event concentration data that cumulatively will be regulatorily significant to the new 2024 

PM2.5 annual NAAQS of 9.0 µg/m3. 

 

The 24-hour PM2.5 design value (DV) is calculated using the 3-year average.  More specifically, 

the 24-hour PM2.5 standard is met when the three-year average of the 98th percentile 24-hour 

concentrations is less than or equal to 35 µg/m3 (40 CFR § 50.20).  North Dakota is submitting 

this exceptional event demonstration to exclude Event concentration data that cumulatively will 

be regulatorily significant to the PM2.5 24-hour NAAQS of 35 µg/m3. 
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The 24-hour PM10 design value (DV) is calculated using a 3-year period.  More specifically, the 

24-hour PM10 standard is met when the 24-hour average of 150 µg/m3 is not exceeded more than 

once per year on average over three years (40 CFR § 50.6).  North Dakota is submitting this 

exceptional event demonstration to exclude Event concentration data that cumulatively will be 

regulatorily significant to the PM10 24-hour NAAQS of 150 µg/m3. 

 

I.5  Action Requested 

This report meets all EPA documentation standards for Exceptional Events. (See Section I.3.) The 

NDDEQ considers these exceedances of the level of the PM NAAQSs to meet the criteria of 

regulatory significance.  Pursuant to federal regulations, the NDDEQ requests EPA concurrence 

that the Particulate Matter Event concentrations in Table 1 were caused by an exceptional event 

and should be excluded from the data record for the PM2.5 NAAQS (annual and 24-hour), PM10 

NAAQS (24-hour), and any other applicable regulatory purposes (40 CFR § 50.14(b)).  

 

A copy of the Raw Data Reports (AMP 350) from EPA’s AQS system are included in Appendix F.  

The reports show the data included in this demonstration has the “rf” qualifier applied for “Fire-

Canadian” where NDDEQ is requesting data exclusion.  Note that without EPA concurrence, the 

data qualifier code is shown in lower case. 

 

 

SECTION II.  OVERVIEW OF NORTH DAKOTA AMBIENT AIR QUALITY MONITORING NETWORK 

 

II.1  North Dakota Particulate Matter Ambient Air Quality Monitoring 

The NDDEQ ambient particulate matter monitoring network is more robust than the minimum 

federal requirements.  The NDDEQ operates eight continuous PM10 analyzer sites, nine Federal 

Equivalent Method (FEM) continuous PM2.5 analyzer sites, and one Federal Reference Method 

(FRM) manual PM2.5 sampler as well as one speciation sampler, both at the Bismarck site.  Three 

of the eight PM10 analyzers (Bismarck, Lake Ilo NWR, and Lostwood NWR) are operated at 

standard temperature and pressure to be directly comparable to the PM10 NAAQS.  The monitoring 

site locations appear as white labels in Figure 1.  

 

More information about North Dakota’s ambient monitoring network is available in the Annual 

Ambient Monitoring Report1, which summarizes the ambient air quality data obtained from the 

network of air quality monitoring sites in North Dakota during the previous calendar year. 

 

  

 
 

1 Annual Report – North Dakota Ambient Monitoring Network Plan/Assessment With Data Summary, 2024, by the 

North Dakota Department of Environmental Quality, Division of Air Quality, Ambient Air Monitoring Program, 

available at https://deq.nd.gov/AQ/monitoring/. 

https://deq.nd.gov/AQ/monitoring/
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Figure 1.  North Dakota’s Particulate Matter Ambient Air Monitoring 2023 

 
 

II.2  PM2.5 T640/T640X Federal Equivalent Method Monitor Data 

A technical challenge is that despite receiving EPA’s approval as a Federal Equivalent Method 

(FEM), the Teledyne T640/T640X continuous monitors consistently measure PM2.5 levels about 

20% higher than collocated filter-based Federal Reference Method (FRM) monitors.2  

 

In the 2023 Annual Ambient Air Monitoring Data Certification letter3 to U.S. EPA, North Dakota 

acknowledged EPA’s implementation of an alignment algorithm to update previously collected 

PM2.5 T640/T640X FEM monitor data in EPA’s Air Quality System4 (AQS).  Within this 

demonstration as well as North Dakota’s 2024 Ambient Monitoring Report, the PM2.5 data at 

Lostwood NWR, Bismarck NCORE, Fargo NW, Lake Ilo, TRNP-NU, Beulah North, Hannover, 

and Ryder reflect the alignment algorithm developed by Teledyne and implemented in the 

Teledyne firmware update July of 2023, as well as implemented by EPA in AQS. 

 

While the alignment algorithm resulted in an improvement in the T460/T640X FEM monitor bias 

compared to FRM monitors, it still does not adequately reduce the bias in the PM2.5 concentrations.  

In fact, the bias is so significant that, for the new 2024 PM2.5 Annual NAAQS the ongoing bias 

could lead to an area being improperly designated nonattainment based on T640/T640X FEM 

monitored data while the area would have been designated attainment based on FRM monitored 

concentrations. 

  

 
 

2 https://cleanairact.org/wp-content/uploads/2024/06/AAPCA-Article-EM-June-2024-Final_updated.pdf 
3 See Appendix B. 
4 Air Quality System (AQS) – U.S. EPA’s computer database and information system of ambient air quality data. 

https://cleanairact.org/wp-content/uploads/2024/06/AAPCA-Article-EM-June-2024-Final_updated.pdf
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Notwithstanding NDDEQ’s ongoing concern regarding the T640/T640X FEM monitor bias, the 

NDDEQ requests that the EPA concur with the exclusion of PM2.5 Event concentrations from the 

data record such that all sites in North Dakota will demonstrate attainment of both the PM2.5 24-

hour and annual NAAQS. 

 

 

SECTION III.  NARRATIVE CONCEPTUAL MODEL 

 

This section satisfies the following federal requirement: 

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). 

40 CFR § 50.14(c)(3)(iv)(A) 

 

The Exceptional Event Rule requires that demonstrations include a narrative conceptual model 

describing the event.  This section describes the 2023 Canadian wildfires that directly affected 

public health and impacted air quality across North Dakota.  It also describes the general 

meteorological conditions that supported the transport of the wildfire smoke and its dispersion 

across the state.  Particulate matter emissions from the wildfire smoke impacted all nine North 

Dakota air monitoring sites, causing daily air quality concentrations to exceed the level of the 24-

hour PM2.5 NAAQS, new 2024 PM2.5 Annual NAAQS, as well as the 24-hour PM10 NAAQS.  The 

daily concentrations were distinct high levels of monitored 24-hour concentrations when compared 

to historical 24-hour concentrations, which are demonstrably higher than normal (i.e., non-event) 

concentrations across the state. 

 

III.1  2023 Canadian Wildfires and Smoke 

The 2023 Canadian wildfires were well documented5 and impacted much of the geography of 

North America, including much of the United States and North Dakota.  Wildland fire experts have 

described Canada’s 2023 fire season as record-breaking and shocking6.  Over the course of a fire 

season that started very early7 and ended late, blazes burned an estimated 18.4 million hectares8 

(71,043 square miles).  For perspective, that is an area roughly the size of North Dakota.  On 

average, just 2.5 million hectares8 (9,653 square miles) burn in Canada annually.  The total area 

that burned in 2023 amounted to 2½ times the previous record set in 1995 and more than six times 

the average over the past 10 years.9 

 

The Canadian Interagency Forest Fire Centre (CIFFC) establishes a National Preparedness Level10 

to describe the wildland fire situation and availability of firefighting resources in Canada.  From 

May 11 through September 7, 2023, Canada was at a national preparedness level of 5, indicating 

 
 

5 https://ciffc.net/situation/archive/ 
6 https://natural-resources.canada.ca/simply-science/canadas-record-breaking-wildfires-2023-fiery-wake-call/25303 
7 https://www.cnn.com/2023/06/10/us/canada-wildfire-season-us-impact-climate/index.html 
8 https://earthobservatory.nasa.gov/images/151985/tracking-canadas-extreme-2023-fire-season 
9 https://www.cbc.ca/news/climate/wildfire-season-2023-wrap-1.6999005 
10 https://ciffc.net/pdfs/nationalpreparedness-levels.pdf 

https://ciffc.net/situation/archive/
https://natural-resources.canada.ca/simply-science/canadas-record-breaking-wildfires-2023-fiery-wake-call/25303
https://www.cnn.com/2023/06/10/us/canada-wildfire-season-us-impact-climate/index.html
https://earthobservatory.nasa.gov/images/151985/tracking-canadas-extreme-2023-fire-season
https://www.cbc.ca/news/climate/wildfire-season-2023-wrap-1.6999005
https://ciffc.net/pdfs/nationalpreparedness-levels.pdf
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wildland fire activity is significant within one or more jurisdictions, firefighters and equipment in 

every jurisdiction in Canada is put to use, and international help has been requested.  The National 

Preparedness Level transitioned to level 4 on September 8 indicating wildland fire activity is 

significant within one or more jurisdictions and the demand for mobilization of firefighters and 

equipment from other jurisdictions is high.  The National Preparedness Level was lowered to level 

3 on September 27 indicating wildland fire activity is increased within one or more jurisdictions 

and the demand for mobilization of firefighters and equipment from other jurisdictions is 

moderate. 

 

Many of Canada’s 2023 wildfires, ignited by early summer lightning storms, burned for months in 

remote areas contributing to smoke that was transported across North America, including North 

Dakota.  Lightning strikes accounted for 59% of the wildfire ignitions and 93% of the total area 

burned during the 2023 season.11  The map12 and graph9 in Figure 2 illustrates the total wildland 

area burned in 2023. 

 

Figure 2.  Canada Total Area Burned 2023 

 
 

As illustrated by the Natural Resources Canada Interactive Maps13 in Figures 3-7 and described in 

Canadian Wildland Fire Information System National Wildland Fire Situation Reports14, many 

wildfires burned across Canada, with larger fires having burned uncontrolled for several weeks.  

For much of mid-May through mid-September, remote wildfires across Canada contributed to 

extremely dense smoke and particulate matter emissions that were transported across North 

America, including North Dakota.  These fires had a significant impact on air quality and elevated 

PM monitored concentrations to levels significantly higher than normal across North Dakota.  In 

fact, seven North Dakota counties (Billings, Burke, Burleigh, Dunn, Mercer, Oliver, and Ward) 

 
 

11 https://www.nature.com/articles/s41467-024-51154-7 
12 https://cwfis.cfs.nrcan.gc.ca/ha/nfdb?type=nbac&year=2023 
13 https://cwfis.cfs.nrcan.gc.ca/interactive-map 
14 https://cwfis.cfs.nrcan.gc.ca/report/archives 

https://www.nature.com/articles/s41467-024-51154-7
https://cwfis.cfs.nrcan.gc.ca/ha/nfdb?type=nbac&year=2023
https://cwfis.cfs.nrcan.gc.ca/interactive-map
https://cwfis.cfs.nrcan.gc.ca/report/archives
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recorded air quality levels in the “Very Unhealthy” or “Hazardous” Air Quality Index (AQI) 

Categories for a full 24-hour period for the first time.15   

 

The National Wildland Fire Situation Report14 for May 17, 2023, stated that the number of fires 

was well above average for the time of year and nearly 16 times the average for area burned for 

the time of year.  There were 458 net new fire starts, with 50 of those attributed to lightning reported 

over the previous week.  From January 1 to May 17, 2023, there were 1,402 fires having burned 

1,275,957 hectares.  The 10-year average of cumulative area burned was 67,291 hectares for that 

same date range.  Active fires as of May 17 included 58 Uncontrolled, 40 Being Held, 93 

Controlled, and 15 with Modified Response.  Priority fires were identified in Alberta, British 

Columbia, Saskatchewan, and Northwest Territories.  See Figure 3. 

 

Figure 3.  Canada Wildfire Location and Size as of May 17, 2023 

 
 

The National Wildland Fire Situation Report14 for June 14, 2023, stated that the number of fires 

and average for area burned were both well above average for the time of year.  There were 313 

net new fire starts, with 168 of those attributed to lightning reported over the previous week.  From 

January 1 to June 14, 2023, there were 2,619 fires having burned 5,291,261 hectares.  The 10-year 

average of cumulative area burned was 331,331 hectares for that same date range.  Active fires as 

of June 14 included 130 Uncontrolled, 92 Being Held, 121 Controlled, and 42 with Modified 

Response.  Priority fires were identified in Quebec, Saskatchewan, Alberta, British Columbia, and 

Northwest Territories.  See Figure 4.  

 
 

15 https://www.cnn.com/2023/09/17/us/air-quality-wildfire-pollution-allergy-dg/index.html 

https://www.cnn.com/2023/09/17/us/air-quality-wildfire-pollution-allergy-dg/index.html
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Figure 4.  Canada Wildfire Location and Size as of June 14, 2023 

 
 

The National Wildland Fire Situation Report14 for July 19, 2023, continued to state that the number 

of fires and average for area burned were both well above average for the time of year.  There were 

325 net new fire starts, with 263 of those attributed to lightning reported over the previous week.  

From January 1 to July 19, 2023, there were 4,285 fires having burned 10,971,638 hectares.  The 

10-year average of cumulative area burned was 1,484,165 hectares for that same date range.  

Active fires as of July 19 included 216 Uncontrolled, 92 Being Held, 193 Controlled, and 82 with 

Modified Response.  Priority fires were identified in Yukon, British Columbia, Alberta, Northwest 

Territories, and Manitoba.  See Figure 5. 

 

The National Wildland Fire Situation Report14 for August 16, 2023, continued to state that the 

number of fires and average for area burned were both well above average for the time of year.  

There were 162 net new fire starts, with 120 of those attributed to lightning reported over the 

previous week.  From January 1 to August 16, 2023, there were 5,753 fires having burned 

13,678,162 hectares.  The 10-year average of cumulative area burned was 2,271,449 hectares for 

that same date range.  Active fires as of August 16 included 220 Uncontrolled, 100 Being Held, 

194 Controlled, and 119 with Modified Response.  Priority fires were identified in British 

Columbia, Northwest Territories, and Yukon.  See Figure 6. 
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Figure 5.  Canada Wildfire Location and Size as of July 19, 2023 

 
 

Figure 6.  Canada Wildfire Location and Size as of August 16, 2023 
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The National Wildland Fire Situation Report14 for September 22, 2023, continued to state that the 

number of fires and average for area burned were both well above average for the time of year.  

There were 123 net new fire starts reported over the previous week.  From January 1 to September 

22, 2023, there were 6,400 fires having burned 17,577,396 hectares.  The 10-year average of 

cumulative area burned was 2,718,755 hectares for that same date range.  Active fires as of 

September 22 included 229 Uncontrolled, 95 Being Held, 163 Controlled, and 113 with Modified 

Response.  Priority fires were identified in British Columbia.  See Figure 7. 

 

Figure 7.  Canada Wildfire Location and Size as of September 22, 2023 

 
 

III.2  North Dakota Smoke Impacts 

While the 2023 Canadian wildfire smoke impacts were regional in nature and observable 

throughout the state from mid-May through late September, it did not cause all monitors to 

continuously exceed the level of the PM NAAQS throughout the duration of the Event.  Local, 

regional, and national news stories described how the Canadian wildfire smoke impacted air 

quality in North Dakota and much of the United States, as well as the potential negative health 

impacts from breathing the smoke laden air.  Photographic evidence illustrating smoke impacts 

were also found in the news stories.  Individuals, especially sensitive individuals with respiratory 

conditions, were advised to consider limiting prolonged outdoor exposure during smoky 

conditions.  Select news stories are contained in Appendix C. 

 

This demonstration includes 55 Event dates at nine PM2.5 monitors, inclusive of one Event date at 

three PM10 monitors.  For each Event date, the National Oceanic and Atmospheric Administration 
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(NOAA) Surface Analysis Weather Predictive Center16 is used to illustrate the synoptic 

meteorology across North Dakota, the United States, and Canada.  In addition, the NOAA Hazard 

Mapping System17 (HMS) depicts the smoke plume intensity across North Dakota, the United 

States, and Canada.  To accompany the images for each Event date, are verbal descriptions of the 

meteorological conditions18 as well as the significant areas of smoke observed in satellite 

imagery19.   

 

The progression of images for 55 Event dates in Figures 8-62 demonstrate the general 

meteorological conditions that supported the transport of the wildfire smoke and show the smoke 

across North Dakota. 

 

The levels of PM monitored concentrations in North Dakota are very unusual.  The images in 

Appendix D show the distinct high levels of monitored 24-hour PM2.5 concentrations, meaning 

they were 1.5 times the highest 98th percentile of data for the last five years.  Additionally, the 24-

hour PM10 concentrations were the highest Event concentrations in 2023 for Burke, Burleigh, and 

Dunn Counties as shown in the images in Appendix E.  This demonstrates that the monitored PM 

concentrations are unmistakably higher than non-event concentrations. 

 

III.2.1  May 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota 

from May 16 through May 27 and May 31.   

 

Distinct high levels of 24-hour PM concentrations were monitored May 16-18.  As a result of 

wildfire activity across northeastern British Columbia, the northern and central portions of Alberta, 

northern Saskatchewan, and the southeast Northwest Territories; a large area of smoke of varying 

density was visible on satellite extending east and southeastward across most of Manitoba and the 

northern plains.  Within the large mass of smoke were thicker areas in portions of western Canada 

and the north central U.S.  

 

Upper ridging over western Canada and deep troughing over eastern Canada into the Northeast 

promoted north to northwesterly flow over our region.  Smoke infiltrated the northern plains and 

Upper Midwest for a lengthy period supported by the northwest flow regime aloft extending from 

the smoke’s origin into our region.  A weak upper flow pattern with deep layer ridging resided over 

the northern plains early May 16.  Elevated smoke created hazy skies across much of the state with 

the thickest of this smoke remaining over the eastern half of the state.  Smoke continued to stream 

in from the North covering the Red River Valley and settled due to the subsidence from surface 

 
 

16 National Oceanic and Atmospheric Administration, Surface Analysis Weather Predictive Center, accessed 

November 19, 2024, available at https://www.wpc.ncep.noaa.gov/archives/web_pages/sfc/sfc_archive.php  
17 National Oceanic and Atmospheric Administration, Hazard Mapping System, accessed November 20, 2024, 

available at https://www.ospo.noaa.gov/products/land/hms.html 
18 Area Forecast Discussions, May 16 – September 22, 2023, National Weather Service Weather Forecast Offices, 

Bismarck, North Dakota and Grand Forks, North Dakota. 
19 Satellite Smoke Text Product, May 16 – September 22, 2023, National Oceanic and Atmospheric Administration, 

Office of Satellite and Product Operations, available at https://www.ospo.noaa.gov/products/land/smoke/ 

https://www.ospo.noaa.gov/products/land/smoke/
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high-pressure, degrading air quality.  See Figure 8.  On May 16, 24-hour PM2.5 concentrations 

were at distinct high levels for Cass County.   

 

Figure 8.  May 16, 2023 Surface Analysis and Smoke Layer 

 
 

On May 17, 24-hour PM concentrations at all sites were over the level of the 24-hour PM2.5 

NAAQS, new 2024 PM2.5 Annual NAAQS, as well as the 24-hour PM10 NAAQS.  In addition, the 

24-hour PM2.5 concentrations were the highest Event concentrations in 2023 for Billings, Burke, 

Burleigh, Dunn, McKenzie, Mercer, Oliver, and Ward Counties.  Furthermore, the 24-hour PM10 

concentrations were the highest Event concentrations in 2023 for Burke, Burleigh, and Dunn 

Counties.  Figure 9 and Images 1 and 2 illustrate dense smoke impacts across western and central 

North Dakota.  The following was issued by the National Weather Service Bismarck, North Dakota 

Weather Forecast Office.    

May 17 had the poorest air quality ever measured in North Dakota. During the 

morning hours a cold front entered northwestern North Dakota and progressed 

across the state through the remainder of the day. Behind the front, north to 

northwest winds ushered in dense smoke from Canadian wildfires. The smoke had 

been held aloft for a few days and was brought to the surface by the winds 

associated with the cold front. Visibility dropped abruptly to one-half mile or less 

across much of western and central North Dakota as the dense smoke moved in, 

with some locations recording visibilities less than one-quarter mile for a 

prolonged period of time. The Air Quality Index (AQI) pushed well into the 

hazardous category, which is the highest category, and begins at a PM2.5 

concentration of 250.5 µg/m3. The highest hourly concentration reported was 

1,041.1 µg/m3 at Hannover in Oliver County, with most other reporting stations in 

western and central North Dakota registering maximum hourly values well over 

700 µg/m3. According to personnel at the North Dakota Department of Air Quality, 

this smoke produced the worst air quality conditions ever measured in the state. 

Conditions did improve some from northwest to southeast during the late day and 

evening, but visibility remained somewhat restricted by the smoke for a few days, 

and air quality was adversely affected. The event garnered significant media 
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attention. The NWS office in Bismarck received numerous calls about the smoke 

from both the media and general public.20 

 

Figure 9.  May 17, 2023 Surface Analysis and Smoke Layer 

 
 

Image 1.  May 17, 2023 North Dakota State Capitol Smoke Impact21 

 
 

  

 
 

20 Storm Data and Unusual Weather Phenomena - May 17, 2023 0700 CST-2200CST - Dense Smoke, National 

Weather Service, Bismarck, North Dakota. 
21 https://www.kfyrtv.com/2023/05/17/department-environmental-quality-urges-caution-during-smoky-conditions/ 

https://www.kfyrtv.com/2023/05/17/department-environmental-quality-urges-caution-during-smoky-conditions/
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Image 2.  May 17, 2023 Western/Central North Dakota Smoke Impacts21 

 
 

Smoke from southern Saskatchewan remained an issue as the low-pressure system passed directly 

over North Dakota May 18.  While the secondary cold front advancing southward helped clear out 

the smoke from north to south, smoke was present across North Dakota at the surface before this 

as well as haze in the sky.  See Figure 10.  On May 18, 24-hour PM2.5 concentrations at all sites 

were over the level of the 24-hour PM2.5 NAAQS and new 2024 PM2.5 Annual NAAQS.  In 

addition, the May 18 24-hour PM2.5 concentration was the highest Event concentrations in 2023 

for Cass County.   

 

Figure 10.  May 18, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored May 20-23.  An exceptionally 

large area of smoke of varying density from the large wildfires across northeastern British 

Columbia, central and northern Alberta, central and northern Saskatchewan, and the southern part 
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of the Northwest Territories, continued to expand across much of the U.S and Canada.  On May 

20, moderate density smoke was seen over multiple areas, with the largest area of moderate to 

thick smoke encompassing western and central Canada and the northern half of the U.S. On May 

21 and 22, very thick smoke extended down into the U.S. over the northern plains. On May 23, 

moderate density smoke was visible on satellite over the northern plains of the U.S. 

 

May 20 started off with high pressure to our southeast and an expansive upper-level ridge over the 

western U.S.  A weak upper low moved down the eastern slope of the ridge along with a weak 

surface cold-front.  Northwest winds behind this cold-front ushered in more near surface smoke 

with smoke impacting the northwestern corner of North Dakota.  See Figure 11.  On May 20, 24-

hour PM2.5 concentrations were at distinct high levels for Burke and Dunn Counties.   

 

Figure 11.  May 20, 2023 Surface Analysis and Smoke Layer 

 
 

Smoke increased overnight and lingered through May 21 as northwestern flow aloft remained, 

having moved from the northwest into western and central North Dakota.  At the surface, a weak 

and dry cold-front was located across northern North Dakota.  An upper-level ridge across the 

Northern Rockies continued to bring subtle northwest flow into the northern plains.  Therefore, 

elevated smoke continued to move through the region resulting in hazy skies.  See Figure 12.  On 

May 21, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, Dunn, Mercer, 

Oliver, Billings, and Burleigh Counties.   

 

A broad upper-level ridge gradually transitioned from over central Montana in the early morning 

to the Montana/North Dakota border late May 22 and directly overhead overnight into May 23. 

With the area being under the influence of northwest flow aloft most of the day, North Dakota 

continued to see hazy sunshine from upper-level smoke as well as near surface smoke increasing 

across the west.  See Figure 13.  On May 22, 24-hour PM2.5 concentrations were at distinct high 

levels for Burke and Billings Counties.   
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Figure 12.  May 21, 2023 Surface Analysis and Smoke Layer 

 
 

Figure 13.  May 22, 2023 Surface Analysis and Smoke Layer 

 
 

May 23 a double barrel upper low was located over the Pacific Northwest into the southern 

Canadian Prairies, with a ridge axis centered over the central U.S.  At the surface, the center of a 

low was analyzed over west central South Dakota, while strong high pressure sat over northern 

Manitoba and Ontario. A back door cold front slid south through the day, meeting a weak warm 

front that had been drifting north from South Dakota.  Smoke lingering in the mid to upper-levels 

was brought down to the surface behind the cold-front.  See Figure 14.  On May 23, 24-hour PM2.5 

concentrations at all sites were at distinct high levels.   
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Figure 14.  May 23, 2023 Surface Analysis and Smoke Layer 

 
 

III.2.2  June 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota 

from June 3 through June 21 and June 24 through July 1.   

 

Distinct high levels of 24-hour PM2.5 concentrations were monitored on June 6.  Wildfire activity 

in northern British Columbia and the Northwest Territories continued to produce high-density 

smoke that combined with high-density smoke from wildfire activity in southern Quebec.  Light 

density smoke extended south and southwestward into portions of the midwestern U.S.  June 6 

smoke was carried into the region from east-southeast flow.  See Figure 15.  On June 6, 24-hour 

PM2.5 concentrations were at distinct high levels for Cass County.   

 

Figure 15.  June 6, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored June 13-18.  Numerous large 

wildfires continued scattered across portions of the southern half of Canada from northern British 

Columbia and the southwestern part of the Northwest Territories eastward over the southern tier 

of Canadian provinces, including northern Alberta/Saskatchewan, western Ontario, and central 

Quebec.  On June 13 and 14, moderate to thick density smoke spread to the south into the north 

central U.S.  June 15 through June 17, bands of light to moderate to thick density smoke were 
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detected over most of the northern and central plains.  On June 18, thinner density smoke from 

these fires covered the north central U.S. 

 

June 13 the upper-level ridge and surface high weakened slightly throughout the day while a weak 

surface boundary moved south. The northeast winds from this weak boundary provided for smoke 

overspreading the region aloft and increasing smoke mixing to the surface.  See Figure 16.  On 

June 13, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, and Dunn 

Counties.   

 

Figure 16.  June 13, 2023 Surface Analysis and Smoke Layer 

 
 

Wildfire smoke was reducing visibilities the morning of June 14 over areas of northern and eastern 

North Dakota. The smoke arrived with a wind shift that brought winds from the northeast.  A nearly 

stationary boundary was in place mid-morning from just east of Williston down to west of 

Bismarck and that boundary seemed to be the main dividing line between near surface smoke and 

smoke aloft.  Mid-afternoon, an upper-level ridge axis was located almost directly over central 

North Dakota.  The ridge continued to slowly move east and amplify the rest of the day and 

overnight as a trough approached from the west.  At the surface, a stationary front located over 

western North Dakota started to move east late in the afternoon as it transitioned to more of a warm 

frontal boundary.  See Figure 17.  On June 14, 24-hour PM2.5 concentrations were at distinct high 

levels for Burke, Burleigh, and Cass Counties. 

 

Early the morning of June 15, an upper-level trough was located over the Northern Rockies and 

high plains, with several embedded impulses rounding the base of the rotation.  This circulation 

was in the process of closing off, contributing to the very slow eastward progression of the 

attendant surface low.  The low gradually made its way east through the day.  Smoke remained in 

the forecast through the afternoon in central and eastern North Dakota with conditions gradually 

improving through the day as a wind shift to easterly flow dispersed smoke.  See Figure 18.  On 

June 15, 24-hour PM2.5 concentrations were at distinct high levels for Ward, Oliver, Burleigh, and 

Cass Counties. 

 

  



 

23 

 

Figure 17.  June 14, 2023 Surface Analysis and Smoke Layer 

 
 

Figure 18.  June 15, 2023 Surface Analysis and Smoke Layer 

 
 

On June 16, there was southwest flow aloft with a shortwave ridge off to our east and a shortwave 

trough off to our west.  At the surface, a very slow-moving cold front located near the central part 

of the state slowly pushed east.  Immediately along the front. smoke mixed to the surface.  Smoke 

improved as the cold front passed through.  Some lingering smoke remained overnight.  See Figure 

19.  On June 16, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, Dunn, 

and Cass Counties. 
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Figure 19.  June 16, 2023 Surface Analysis and Smoke Layer 

 
 

On June 17, an upper low was located over southwestern North Dakota in the morning and in the 

afternoon, a closed low was rotating through north central North Dakota embedded in a shallow 

shortwave trough.  Zonal flow aloft was present upstream of the area as a more significant upper 

low was beginning to develop off the coast of British Columbia.  A surface trough was analyzed 

just over the state line in eastern Montana.  Some surface smoke continued to linger in areas of 

eastern and portions of central North Dakota.  See Figure 20.  On June 17, 24-hour PM2.5 

concentrations were at distinct high levels for Burke, Ward, Oliver, Burleigh, and Cass Counties. 

 

Figure 20.  June 17, 2023 Surface Analysis and Smoke Layer 

 
 

Transient meridional flow opened the door for a low-level thermal ridge to build across the plains 

June 18.  The surface low pressure over eastern Montana tightened the surface pressure gradient 

ushering in breezy southerly flow that picked up in the far west and spread east through the 

afternoon.  See Figure 21.  On June 18, 24-hour PM2.5 concentrations were at distinct high levels 

for Cass County. 
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Figure 21.  June 18, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored on June 27.  The major 

wildfires across portions of Canada continue with a large area of smoke of varying densities over 

much of Canada and light density smoke extending to the south over the central U.S.  The morning 

of June 27, the synoptic pattern was characterized by a large upper high over the south-central 

U.S., with a closed low over the Great Lakes and a secondary broad low over the Pacific 

Northwest.  Mostly zonal flow was analyzed over the Dakotas, while at the surface a surface low 

was located in western and into north central North Dakota.  A compact upper-level shortwave 

passed through the area in the afternoon and evening.  See Figure 22.  On June 27, 24-hour PM2.5 

concentrations were at distinct high levels for Burleigh and Cass Counties. 

 

Figure 22.  June 27, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored June 29-July 1.  The major 

wildfires across portions of Canada continued with a large area of smoke over much of Canada 

and extending to the south over the central U.S.  On June 29 and 30, moderate density smoke 

engulfed most of Canada and parts of the northern U.S within the Dakotas.  On July 1, thinner 

density smoke from these fires extended into portions of the Dakotas. 
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Early the morning of June 29, a positively tilted shortwave trough was placed over Manitoba, 

leading to northwest flow aloft over North Dakota.  Upstream over the western U.S., split flow 

was beginning to develop, with the northern stream building into an upper ridge in the western 

Canadian Prairies.  Surface high pressure was analyzed to our northwest in southern Saskatchewan, 

while a surface low was to our northeast in eastern Manitoba.  A weak surface cold front extended 

west to northeast across northern North Dakota, attached to the surface low, that slowly moved 

south.  See Figure 23.  On June 29, 24-hour PM2.5 concentrations were at distinct high levels for 

Burke and Ward Counties. 

 

Figure 23.  June 29, 2023 Surface Analysis and Smoke Layer 

 
 

June 30 weak flow aloft kept winds light. The surface high exited to the east later in the day. In the 

evening a clipping surface low was near the U.S. / Canadian border.  See Figure 24.  On June 30, 

24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, McKenzie, Oliver, and 

Cass Counties. 

 

Figure 24.  June 30, 2023 Surface Analysis and Smoke Layer 
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On July 1, the ridge pushed east and brought the associated warm front into central to eastern North 

Dakota through the afternoon.  See Figure 25.  On July 1, 24-hour PM2.5 concentrations were at 

distinct high levels for Cass County. 

 

Figure 25.  July 1, 2023 Surface Analysis and Smoke Layer 

 
 

III.2.3  July 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota on 

July 3, July 7 through July 10, and July 13 through July 26.   

 

Distinct high levels of 24-hour PM2.5 concentrations were monitored on July 3.  Wildfire activity 

persisted across Canada, continuing to feed an expansive area of varying density smoke with light 

density smoke extending to the south over the central U.S.  July 3 in the upper levels, a longwave 

trough circulated over western and central Canada, down into the Pacific Northwest and northern 

plains regions of the United States.  Some smoke was brought in behind the upper wave.  At the 

surface, multiple fronts were analyzed over the region under this broad, nearly zonal flow aloft.  

While the main front remained in southern South Dakota, a secondary convergence zone sat across 

the North Dakota and South Dakota border, with strong convergence in far southwest North Dakota 

into South Dakota, and convergence gradually become more diffuse into south central North 

Dakota.  See Figure 26.  On July 3, 24-hour PM2.5 concentrations were at distinct high levels for 

Burke County. 

 

Distinct high levels of 24-hour PM2.5 concentrations were monitored on July 9.  Major wildfire 

activity continued in Canada scattered from the Yukon, Northwest Territories, and British 

Columbia and extending to the east and southeast across the southern tier of Canadian provinces 

to west central Quebec.  The most numerous and concentrated areas of wildfires were over the 

northern half of British Columbia and Alberta, the southwest part of the Northwest Territories, and 

over west central Quebec.  A very large mass of very thick smoke blanketed a significant part of 

northwestern and western Canada and extended from there to the southeast across south central 

Canada and over some of the north central U.S. 
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Figure 26.  July 3, 2023 Surface Analysis and Smoke Layer 

 
 

July 9, a large upper-level low dug into northern Manitoba as ridging built over the Rockies.  This 

maintained a northwest flow pattern aloft over the northern plains with smoke caught in the flow.  

At the surface, a backdoor cold front began sliding in from the North Dakota/Manitoba border in 

the evening.  See Figure 27.  On July 9, 24-hour PM2.5 concentrations were at distinct high levels 

for Burke County. 

 

Figure 27.  July 9, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored July 14-16.  Numerous major 

wildfires continued to burn, especially in portions of western and northwestern Canada as well as 

in southeastern Canada in western Quebec.  On July 14, very thick density smoke was visible 

covering much of western and northwestern Canada and then extending south and east through 

southern Saskatchewan, southern Manitoba, Ontario and through the northern plains of the U.S.  

On July 15 and 16, the batch of thick smoke from the wildfire activity in western and northwestern 

Canada spread to the southeast and over much of the north central and central U.S. 

 

The synoptic pattern was dominated by a nearly stationary deep upper low over northern Manitoba, 

with its associated surface low centered well to our northeast.  A cold front was analyzed over 

southern Manitoba the morning of July 14 and moved through North Dakota later in the day 
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bringing some mixing of smoke down to the surface.  The main forecast concern was near-surface 

smoke expanding south across all of North Dakota throughout the day and evening.  See Figure 

28.  On July 14, 24-hour PM2.5 concentrations at all sites were over the level of the 24-hour PM2.5 

NAAQS and new 2024 PM2.5 Annual NAAQS. 

 

Figure 28.  July 14, 2023 Surface Analysis and Smoke Layer 

 
 

Thick areas of smoke continued overnight and into July 15.  Early the morning of July 15, a deep 

upper low was placed over northern Manitoba, with the main attendant surface low in a similar 

location.  A secondary weak surface low was analyzed over northern Minnesota, with a cold front 

extending from this low through western and central North Dakota in the morning.  In the post-

frontal airmass, smoke conditions improved from north to south central through the morning and 

into the afternoon hours.  However, another push of thicker near-surface smoke moved into western 

and parts of central North Dakota in the evening and continued through the night.  Even for areas 

without near-surface smoke, skies were still hazy.  See Figure 29.  On July 15, 24-hour PM2.5 

concentrations at all sites were at distinct high levels. 

 

Figure 29.  July 15, 2023 Surface Analysis and Smoke Layer 

 
 

Western North Dakota had persistent smoke overnight into July 16.  The upper low that had been 

dominating the synoptic pattern the past few days was located over southeast Manitoba and moved 
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southeast over the Great Lakes region through July 16.  A surface low was nearly stacked with the 

upper low, and a weak cold front extended from the surface low back through the area in the 

morning.  As the upper low moved, more of a northerly flow was brought to the area under a 

surface high pressure, which diminished the smoke from northeast to southwest during the day.  

However, smoke aloft continued for most of the area except for the far north central, so hazy skies 

continued through the day.  The surface high settled in across the area the night of July 16 with 

resultant clear skies and light winds.  See Figure 30.  On July 16, 24-hour PM2.5 concentrations 

were at distinct high levels for Burke, Ward, McKenzie, Dunn, Mercer, Oliver, Billings, and 

Burleigh Counties. 

 

Figure 30.  July 16, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored July 21-24.  The enormous 

area of smoke primarily from numerous wildfires in western and northwestern Canada continued 

to be visible covering virtually all of Canada and most of the U.S.  On July 21 and 22, thick to 

very thick smoke covered a good portion of northwestern and central Canada with some moderate 

and thick smoke moving to the southeast and over the north central U.S.  On July 23 and 24, within 

the larger area of varying density smoke, were batches of moderate to thick density smoke that 

covered much of northern Canada and extended southeast through central Canada and into the 

north central U.S. 

 

Northwest flow aloft with a mid-level shortwave moved from far south-central Canada and passed 

over North Dakota July 21 with surface high pressure over the northern plains.  A thicker layer of 

smoke worked into the area and was forecast to continue filtering in through the weekend given 

the northwest flow aloft.  See Figure 31.  On July 21, 24-hour PM2.5 concentrations were at distinct 

high levels for Burke County. 
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Figure 31.  July 21, 2023 Surface Analysis and Smoke Layer 

 
 

On July 22, northwest flow aloft continued across the northern plains with weak embedded energy.  

The upper-level ridge over the Rockies and Northern High Plains continued to build, with an 

eastward nudge.  Skies appeared hazy in most locations with elevated smoke over the area.  See 

Figure 32.  On July 22, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

Dunn, Oliver, and Burleigh Counties. 

 

Figure 32.  July 22, 2023 Surface Analysis and Smoke Layer 

 
 

On July 23, a very warm low to mid-level air mass moved into the region from the southwest with 

a weak a cold front dropping south from Canada.  A surface high propagated eastward and a broad 

area of surface low pressure gradually approached from Montana.  Elevated smoke made skies 

appear hazy at times, at most locations.  Additionally, surface smoke reducing visibility was 

forecast within the Red River Valley.  See Figure 33.  On July 23, 24-hour PM2.5 concentrations 

were at distinct high levels for Cass County. 

 

  



 

32 

 

Figure 33.  July 23, 2023 Surface Analysis and Smoke Layer 

 
 

Early the morning of July 24, an upper-level ridge axis sat just east of the Northern Rockies, 

placing North Dakota under northwest flow aloft.  The upper-level ridge axis drifted toward the 

North Dakota/Montana border through the day and smoke aloft streamed in and surface smoke 

lingered.  A mid-upper-level shortwave ejected off the Northern Rockies in the evening and made 

its way through the upper ridge over western North Dakota.  Hazy conditions continued through 

July 24 before the ridge shifted east keeping smoke further toward the north and east.  See Figure 

34.  On July 24, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 

 

Figure 34.  July 24, 2023 Surface Analysis and Smoke Layer 

 
 

III.2.4  August 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota on 

August 3 through August 9, August 17 through August 22, and August 25 through September 11. 

 

Distinct high levels of 24-hour PM2.5 concentrations were monitored August 4-8.  Major 

widespread wildfire activity continued especially across western and northwestern Canada along 

with central and east central Alaska.  Another significant cluster of wildfires was present over west 

central Quebec.  All of these wildfires were primarily responsible for a massive area of smoke that 

covered much of Canada, the northern half of Alaska, and a significant portion of the U.S.  On 
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August 4 and 5, light to moderate smoke was seen through parts of the northern and central plains.  

August 6th through August 8th, more widespread areas of moderate to thick density smoke were 

noted across northwestern through south central Canada and a portion of the north central U.S.  

 

The August 4 surface analysis shown surface high pressure along the International Border, with a 

broad upper low lifting across the region while a surface low started to organize in South Dakota.  

As the strengthening surface low developed to our south, southeasterly flow developed centered 

over the Montana/Dakotas.  Smoke was pushed westward by the easterly winds at low levels.  See 

Figure 35.  On August 4, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh 

and Cass Counties. 

 

Figure 35.  August 4, 2023 Surface Analysis and Smoke Layer 

 
 

With little wind, smoke lingered overnight and on August 5, the stacked surface and upper-level 

lows continued to move to the east across the region and North Dakota remained within a broad 

upper-level trough.  As the low slowly moved and broadened a bit, pushing eastward at night, 

winds were breezy with the pressure gradient force from the low.  See Figure 36.  On August 5, 

24-hour PM2.5 concentrations were at distinct high levels for Burleigh and Cass Counties. 

 

Figure 36.  August 5, 2023 Surface Analysis and Smoke Layer 
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The surface low and upper-level wave continued to push southeast in the morning of August 6.  In 

its wake was a weak deformation zone and to the west was a developing surface high under weak 

ridging.  The northerly flow across the east increased winds at times, which were limited by the 

building ridge aloft.  The surface high and mid-level ridge then took over and as the downstream 

low continued to drift south and east, the northern plains were placed under weak northwest flow 

aloft with ridging at the surface.  A plume of smoke aloft spread over northwest North Dakota 

under weak northwest flow aloft, with some smoke making it to the surface.  See Figure 37.  On 

August 6, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, and Burleigh 

Counties. 

 

Figure 37.  August 6, 2023 Surface Analysis and Smoke Layer 

 
 

With no change in directional flow aloft, the smoke aloft and near surface lingered and continued 

to stream in, spreading further south and east.  In the upper levels, weak northwest flow aloft 

featured several disorganized perturbations over the northern high plains the morning of August 7 

and a slow-moving shortwave remained south and west of North Dakota throughout the day.  See 

Figure 38.  On August 7, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, Mercer, Oliver, Burleigh, and Cass Counties. 

 

Figure 38.  August 7, 2023 Surface Analysis and Smoke Layer 
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On August 8 a closed upper low moved southeast from central Saskatchewan to Ontario.  An 

associated front slowly dropped south into northern North Dakota by the early afternoon, gradually 

moving into southern North Dakota through the evening.  Upper-level analysis placed northwest 

but slightly cyclonic flow over North Dakota, with a few weak short waves noted in the flow.  

Some smoke was mixing down behind the frontal boundary.  See Figure 39.  On August 8, 24-hour 

PM2.5 concentrations were at distinct high levels for Burke County. 

 

Figure 39.  August 8, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored August 17-19.  The ongoing 

wildfire activity across eastern Alaska, western Canada, the Pacific Northwest and northern 

California continued to add to the large area of smoke that extended over a vast majority of North 

America.  On August 17, the highest density smoke within this large area was roughly covering 

large portions of western Canada, extending east and southeast through central Canada and into 

the northern plains of the U.S.  On August 18 and 19, the combination of the western Canadian 

wildfires and northwestern U.S. wildfires was responsible for very large coverage of moderate to 

thick density smoke that affected southern and central Canada as well as the north central U.S. 

 

Ahead and along the cold front that passed through rather quickly on August 16, smoke aloft mixed 

down to the surface with strong post frontal winds and lingered.  August 17 was a much calmer 

day with surface high pressure and northwest flow overhead.  Satellite showed some upper-level 

smoke, and the forecast was for thicker smoke to spread across North Dakota in the afternoon and 

evening.  In the afternoon, surface high pressure was sliding southeast across the northern plains 

under northwest anticyclonic flow aloft.  The upstream upper-level ridge slowly shifted into the 

northern plains overnight and in response, a strong nocturnal low-level jet developed over western 

North Dakota and shifted eastward through the night.  See Figure 40.  On August 17, 24-hour 

PM2.5 concentrations were at distinct high levels for Burleigh and Cass Counties. 
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Figure 40.  August 17, 2023 Surface Analysis and Smoke Layer 

 
 

The decoupling boundary layer trapped some smoke near the surface overnight August 17.  The 

August 18 morning surface analysis showed the low over southeastern Alberta into southwest 

Saskatchewan with a trough dropping to the south/southeast and a high over the Midwest.  Upper-

level analysis placed broad ridging through the Great Plains.  The thermal ridge passed over the 

area, as a lee trough entered the area.  Behind the trough, winds developed a westerly component 

and promoted very strong boundary layer mixing and high-level smoke continued across much of 

the area with westerly flow aloft.  See Figure 41.  On August 18, 24-hour PM2.5 concentrations 

were at distinct high levels for Burke, Ward, McKenzie, Dunn, and Cass Counties. 

 

Figure 41.  August 18, 2023 Surface Analysis and Smoke Layer 

 
 

Smoke aloft became thicker overnight and into August 19.  The August 19 morning surface 

analysis placed the low along the Manitoba/Ontario border, with the high over the Four Corners 

Region through the Rockies.  The cold front affiliated with the surface low entered northwest North 

Dakota early morning and tracked southeast across the state through the morning.  Upper-level 

analysis placed a broad high over the southern plains with a trough over the western U.S. and low 

off the California coast, resulting in west/southwest flow over North Dakota.  Early afternoon 

satellite imagery continued to show a veil of smoke across much of the state.  With the frontal 

passage, winds switched northwesterly with higher gusts behind the cold front. With the winds, 
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some smoke mixed down to the surface across the south.  See Figure 42.  On August 19, 24-hour 

PM2.5 concentrations were at distinct high levels for Burleigh County. 

 

Figure 42.  August 19, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored August 28-September 1.  

Wildfire activity remained high in western Canada including central and southeastern British 

Columbia, northern Alberta, and southern Northwest Territories.  On August 28 and 29, moderate 

to high smoke concentrations were observed extending from British Columbia and Northwest 

Territories east-southeastward across the Canadian Rockies into central Canada, then across the 

north central U.S.  On August 30, smoke from wildfire activity covered much of Canada and the 

U.S. with a large area of moderate and dense smoke observed over central Canada extending 

southward over portions of the great plains.  On August 31, moderate and light density smoke 

could be observed over most of Canada and the U.S., stretching south along the great plains. On 

September 1, smoke from the ongoing and persistent wildfire activity moved both south and 

eastward across the Prairie Provinces with moderate and light density smoke observed over the 

northern plains of the U.S. 

 

A weak northwest flow pattern persisted August 28 over the northern plains during the day and 

night as a shortwave trough digging into the western Great Lakes gave the region a glancing blow.  

Weak high pressure was situated over western and central North Dakota early afternoon.   Aloft, 

thicker smoke moved down from Canada with the favorable upper-level flow and spread over the 

region from north to south.  Near-surface smoke also drifted into northwest and north central North 

Dakota.  See Figure 43.  On August 28, 24-hour PM2.5 concentrations were at distinct high levels 

for Burke, Ward, McKenzie, Dunn, Mercer, Oliver, and Burleigh Counties. 
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Figure 43.  August 28, 2023 Surface Analysis and Smoke Layer 

 
 

On August 29 at the upper levels, a highly amplified ridge located to our west, placed most of 

western and central North Dakota under the influence of almost northerly flow aloft.  This flow 

orientation continued to bring smoke aloft down from Canada with some smoke continuing to 

make it all the way to the surface.  The ridge axis made its way into western North Dakota by mid 

to late afternoon, and into central North Dakota by night.  See Figure 44.  On August 29, 24-hour 

PM2.5 concentrations at all sites were at distinct high levels. 

 

Figure 44.  August 29, 2023 Surface Analysis and Smoke Layer 

 
 

Smoke once again settled back in the morning of August 30 and continued through much of the 

day.  In the early morning, a highly amplified upper-level ridge axis was centered over central 

North Dakota and moved east through the day, diminishing as it approached the Minnesota border 

by evening.  By the afternoon hours, most of western and central North Dakota were under the 

influence of southwest flow aloft as a potent shortwave trough approached from the west.  See 

Figure 45.  On August 30, 24-hour PM2.5 concentrations at all sites were at distinct high levels. 
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Figure 45.  August 30, 2023 Surface Analysis and Smoke Layer 

 
 

A compact shortwave trough continued to move through the northern plains early the morning of 

August 31 with a surface front located over central North Dakota.  In the afternoon, an upper low 

continued to move across southern Saskatchewan.  Wind speeds increased in the afternoon as 

stronger winds aloft mixed down to the surface leading to breezy winds across central and western 

North Dakota.  Smoke lingered before diminishing from west to east.  See Figure 46.  On August 

31, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 

 

Figure 46.  August 31, 2023 Surface Analysis and Smoke Layer 

 
 

The upper low progressed eastward into Manitoba overnight with nearly zonal flow in place over 

western and central North Dakota in the early morning September 1.  The upper low brought forth 

ridging that started to nudge in through the day.  Weak surface high pressure built over North 

Dakota leading to light winds and clearer skies.  Smoke aloft wrapped back around the upper low 

bringing back smoke aloft and near surface into the region again.  See Figure 47.  On September 

1, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, McKenzie, Dunn, 

Oliver, and Burleigh Counties. 
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Figure 47.  September 1, 2023 Surface Analysis and Smoke Layer 

 
 

III.2.5  September 2023 

Canadian wildfire smoke impacts directly affecting air quality continued to be observed in North 

Dakota from August 28 through September 11 and September 14 through September 22.   
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored September 3-8.  The major 

outbreak of wildfires continued across portions of British Columbia, northern Alberta, and the 

southern part of the Northwest Territories, which had been the case for weeks with the resulting 

mass of smoke mainly attributed to these fires covering virtually all of Canada and the eastern two-

thirds of the U.S. On September 3 and 4, a larger mass of thin to moderately dense smoke extended 

southward over the north central U.S. On September 5th through 7th, the wildfires produced a large 

area of thick to moderate density smoke extending further south into the northern and central plains 

of the U.S.  

 

In the early morning of September 3, at the upper levels western and central North Dakota were 

situated under nearly zonal flow aloft with a broad low amplitude ridge to our west. At the surface, 

a weak and dry cold front continued to drift from north to south across the state in the morning, 

with winds briefly turning northerly behind it. This meant more areas of smoke filtered down into 

the area through the day. The densest smoke moved from southern Saskatchewan generally across 

the northern half of the state in the morning before making its way south in the afternoon. The low 

amplitude ridge made its way overhead and to the east through the day.  See Figure 48.  On 

September 3, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  
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Figure 48.  September 3, 2023 Surface Analysis and Smoke Layer 

 
 

Smoke lingered over much of the area through the night. Western and central North Dakota sat 

under the influence of southwest flow aloft with troughing to our west in the early morning of 

September 4. At the surface, one low was deepening over southern Saskatchewan and another over 

western South Dakota.  A warm front extended in between these two lows, and it slowly moved 

east through the morning.  By late afternoon and into the evening, a new surface low deepened 

near the western South Dakota/North Dakota border while the Saskatchewan low moved into 

southern Manitoba.  A cold front extended southwest from the Manitoba low and moved into the 

western part of the state in the morning and into the central by afternoon before stalling out 

temporarily.  Behind the advancing cold front, visibility notably dropped off along with air quality 

as the next batch of wildfire smoke made its way into the area.  See Figure 49.  On September 4, 

24-hour PM2.5 concentrations were over the level of the 24-hour PM2.5 NAAQS and new 2024 

PM2.5 Annual NAAQS for Burke, Ward, McKenzie, Dunn, Mercer, Oliver, and Billings Counties.  
 

Figure 49.  September 4, 2023 Surface Analysis and Smoke Layer 

 
 

The surface low continued to push eastward September 5 while a cold front and upper-level trough 

slowly moved through the area.  Breezy to windy northwest winds were found behind the cold 

front, which opened the door for wildfire smoke from Canada to return and spread southeast. At 

night, the upper-level wave moved out of the area, with a surface high pressure moving in, which 
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lessened the winds, but smoke lingered overnight.  See Figure 50.  On September 5, 24-hour PM2.5 

concentrations at all sites were over the level of the 24-hour PM2.5 NAAQS and new 2024 PM2.5 

Annual NAAQS. 
 

Figure 50.  September 5, 2023 Surface Analysis and Smoke Layer 

 
 

On September 6, surface high pressure was situated over the Plains states and northward into 

Manitoba. Weak upper level troughing over the Western U.S and Canada resulted in surface low 

pressure in the lee of the Rockies producing a southerly return flow over western and central North 

Dakota. Smoke at the surface and aloft remained over the area. Higher smoke concentrations that 

had moved south of the area, headed back due to the southerly return flow. Flow aloft from the 

northwest continued to bring smoke into eastern North Dakota that mixed down to the surface.  

See Figure 51.  On September 6, 24-hour PM2.5 concentrations at all sites were at distinct high 

levels. 
 

Figure 51.  September 6, 2023 Surface Analysis and Smoke Layer 

 
 

Smoke and haze remained over the area September 7. A surface warm front and cold front 

propagated eastward under mostly zonal flow across the west and into central North Dakota. In 

the afternoon and early evening, embedded shortwave energy in quasi-zonal flow aloft passed 
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through the area. See Figure 52.  On September 7, 24-hour PM2.5 concentrations at all sites were 

at distinct high levels. 

 

Figure 52.  September 7, 2023 Surface Analysis and Smoke Layer 

 
 

Some smoke lingered overnight into the morning of September 8.  A surface high under weak 

ridging trapped smoke, which lingered through some central and eastern areas.  An upper-level 

disturbance approached the area in the afternoon, organized over the night and moved through.  

Smoke mixed throughout the afternoon and by late afternoon, little near-surface smoke remained 

in the area.  See Figure 53.  On September 8, 24-hour PM2.5 concentrations were at distinct high 

levels for Ward, Oliver, Burleigh, and Cass Counties. 

 

Figure 53.  September 8, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored on September 10.  Intense 

wildfire activity continued to be observed across British Columbia, northern Alberta, and southern 

Northwest Territories with light density smoke extended across most of Canada, as well as further 

to the south covering most of the U.S.   
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The influence of the upper trough to the northeast in northern Ontario and west-northwest flow 

locally kept stable conditions through the day September 10.  In the afternoon, surface analysis 

indicated the center of the surface high over the Devils Lake Basin into the central Red River 

Valley with winds fairly weak around this high pressure.  See Figure 54.  On September 10, 24-

hour PM2.5 concentrations were at distinct high levels for Cass County. 

 

Figure 54.  September 10, 2023 Surface Analysis and Smoke Layer 

 
 

Distinct high levels of 24-hour PM2.5 concentrations were monitored September 15-22.  The 

ongoing major wildfire situation continued across portions of western and northwestern Canada.  

On September 15, some of the thicker smoke wrapped to the south, southeast, and east around a 

low-pressure system with the smoke impacting south central Canada and the north central U.S.  

On September 16, gusty westerly winds from a low-pressure system moving through to the north 

of the ongoing major wildfires burning in western and northwestern Canada, caused a significant 

flare up of the wildfire activity.  A smaller, separate swath of moderately dense to thick smoke was 

visible spreading to the south and southeast from Saskatchewan across the Dakotas, while thinner 

density smoke covered much of the remainder of the central U.S.  Persistent and ongoing wildfire 

activity across western Canada continued to produce a large amount of moderate and high-density 

smoke that extended across much of northern Canada.  September 17 through 22, a larger area of 

thin to moderate density smoke was observed over most of Canada and much of the central U.S. 

 

On September 14, a trailing cold frontal boundary brought visibility reducing, near-surface smoke 

from the northwest to the southeast.  Northwest flow continued on September 15 while surface 

high pressure built over the forecast area behind an exiting, upper low over southern Manitoba and 

its associated frontal boundaries pushing through the state.  The wildfire smoke continued to 

stream in from Canada, reducing visibilities with widespread smoke mixed to the surface.  See 

Figure 55.  On September 15, 24-hour PM2.5 concentrations were at distinct high levels for Burke, 

Ward, McKenzie, Dunn, Mercer, Oliver, Burleigh, and Cass Counties. 
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Figure 55.  September 15, 2023 Surface Analysis and Smoke Layer 

 
 

Smoke lingered through the night with northerly flow in place over our region.  On September 16, 

a broad upper-level trough continued to swing eastward, thus opening the door for an upper-level 

ridge to move in from the Northern Rockies.  Near surface smoke continued to linger across North 

Dakota as surface high pressure slowly moved over the region.  See Figure 56.  On September 16, 

24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, McKenzie, Dunn, 

Mercer, Oliver, Burleigh, and Cass Counties. 

 

Figure 56.  September 16, 2023 Surface Analysis and Smoke Layer 

 
 

Patchy smoke lingered in some western portions of North Dakota as surface high pressure settled 

over the eastern half of North Dakota and slowly pushed off into western Minnesota as surface 

low pressure moved into northern Montana.  This resulted in a north south pressure gradient across 

North Dakota on September 17.  In the afternoon, a low amplitude ridge axis was located over 

western North Dakota that gradually flattened as it nudged east ahead of a weak shortwave.  See 

Figure 57.  On September 17, 24-hour PM2.5 concentrations were at distinct high levels for Dunn 

County. 
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Figure 57.  September 17, 2023 Surface Analysis and Smoke Layer 

 
 

On September 18, surface low pressure was situated over southern Saskatchewan with a warm 

front extending south through western North Dakota that slowly moved east.  Southerly surface 

flow was situated over the area ahead of the warm front as the upper wave associated with the 

surface low and warm front flattened the upper ridge over North Dakota.  In the afternoon, the 

weak shortwave transitioned most of western and central North Dakota into near zonal flow aloft 

in between two amplitude ridges.  See Figure 58.  On September 18, 24-hour PM2.5 concentrations 

were at distinct high levels for Burleigh County. 

 

Figure 58.  September 18, 2023 Surface Analysis and Smoke Layer 

 
 

Overnight smoke moved into the northwest and continued to push across North Dakota on 

September 19.  A weak, dry cold front crossed North Dakota from west to east bringing a wind 

shift and drier air into the region.  Behind the front, winds shifted to the northwest and picked up 

as an increased surface pressure gradient moved through western North Dakota in the afternoon.  

A surface low passing north of the international border helped bring in smoke from Canada and 

the return of near surface smoke.  Smoke continued moving from the northwest filtering across 

North Dakota later in the evening and overnight.  See Figure 59.  On September 19, 24-hour PM2.5 

concentrations were at distinct high levels for Burke and Ward Counties. 
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Figure 59.  September 19, 2023 Surface Analysis and Smoke Layer 

 
 

Overnight flow aloft transitioned to southwesterly as a large area of upper-level low pressure 

developed into the Pacific Northwest.  Smoke lingered across the southern half of North Dakota 

September 20 and cleared as a disturbance moved across the region in the afternoon.  A short-wave 

trough progressed from eastern Montana into western North Dakota early in the morning before 

weakening due to surface high pressure settling over southeast Saskatchewan.  See Figure 60.  On 

September 20, 24-hour PM2.5 concentrations were at distinct high levels for Ward, Dunn, Mercer, 

Oliver, Burleigh, and Cass Counties. 

 

Figure 60.  September 20, 2023 Surface Analysis and Smoke Layer 

 
 

With the boundary lingering over the area and the decrease in mixing overnight, patchy smoke 

lingered across parts of the south into September 21.  Early September 21, surface analysis placed 

the trough/boundary stretching from central South Dakota into north central Minnesota.  Upper-

level analysis placed a deep low near the Oregon/Idaho border, while split flow was noted over the 

Midwest. North Dakota remained under the influence of the northern stream with embedded waves 

moving through in weak southwesterly flow aloft.  See Figure 61.  On September 21, 24-hour 

PM2.5 concentrations were at distinct high levels for Burleigh County. 
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Figure 61.  September 21, 2023 Surface Analysis and Smoke Layer 

 
 

The early morning surface analysis on September 22 placed a broad high over Ontario into 

southern Manitoba. Upper-level analysis placed a deep low near the Oregon/Idaho/Nevada border, 

with southwest flow over North Dakota.  In addition, the upper low slowly made gradual eastward 

progression over the Rockies, with multiple short waves ejecting from the low continuing to pass 

over.  See Figure 62.  On September 22, 24-hour PM2.5 concentrations were at distinct high levels 

for Burke and Ward Counties. 

 

Figure 62.  September 22, 2023 Surface Analysis and Smoke Layer 
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SECTION IV.  CLEAR CAUSAL RELATIONSHIP 

 

This section satisfies the following federal requirements: 

The event affected air quality in such a way that there exists a clear 

causal relationship between the specific event and the monitored 

exceedance(s) or violation(s).  
40 CFR § 50.14(c)(3)(iv)(B) 

 

Analyses comparing the claimed event-influenced concentration(s) 

to concentrations at the same monitoring site(s) at other times.  
40 CFR § 50.14(c)(3)(iv)(c) 

 

The EER requires that a clear causal relationship exists between the measured exceedances and 

the exceptional event to demonstrate that the exceptional event caused a specific air pollution 

concentration at a particular air quality monitoring location.  The analysis provided in this section 

is consistent with the clear causal relationship examples provided in the EER.  

 

For PM2.5 Event concentrations, this demonstration follows the process described in the U.S. EPA 

PM2.5 Wildland Fire Exceptional Events Tiering Document22.  It states: 

This document outlines a tiered approach for addressing the clear causal 

relationship element within a wildland fire PM2.5 demonstration, recognizing that 

some causal relationships may be clearer and, therefore, require relatively fewer 

pieces of evidence to satisfy the rule requirements. 

 

Tier 1 clear causal analyses are intended for wildland fire events with distinct high levels of 

monitored 24-hour PM2.5 concentrations, when compared to historical 24-hour concentrations, that 

are substantially higher than non-event concentrations, thus requiring fewer pieces of evidence to 

establish a clear causal relationship.  This demonstration is a Tier 1 clear causal analyses and 

includes clear evidence that the 2023 Canadian wildfire smoke was transported to the locations of 

the nine monitor sites in North Dakota. 

 

In addition, this demonstration presents PM10 Event concentrations in the context of historical 

concentration fluctuations at each monitoring site and includes clear evidence that the 2023 

Canadian wildfire smoke was transported to the location of the monitor sites in North Dakota. 

 

North Dakota has an area of approximately 68,994 square miles (44.16 million acres).  Of this 

total, 26.5 million acres is cropland, 10.98 million acres is pasture/rangeland, and 236,000 acres is 

woodland/forest with the five State forests comprising 13,300 acres.  NDDEQ’s Air Pollution 

Control Rules (North Dakota Administrative Code Chapter 33.1-15-04) govern prescribed burning 

on forest or rangelands for the management of the land and wildlife.  In 2023, there was only a 

total of 19,033 acres of prescribed burning from 76 burns with an average of 250 acres/burn and 

 
 

22 U.S. EPA, PM2.5 Wildland Fire Exceptional Events Tiering Document, April 2024, available at 

https://www.epa.gov/system/files/documents/2024-04/final-pm-fire-tiering-4-30-24.pdf 

https://www.epa.gov/system/files/documents/2024-04/final-pm-fire-tiering-4-30-24.pdf
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1.94 tons/acre fuel loading.  The majority of prescribed burns are short in duration and 

accomplished in one burn day. 

   

During the Event timeframe of mid-May through mid-September there was limited prescribed 

burning in North Dakota, as provided below.  

• May 16-31:  9,472 total acres, 22 burns, 3 to 3,120 acres/burn, 1.9 tons/acre average fuel 

loading 

• June:  2,125 total acres, 8 burns, 6 to 500 acres/burn, 2.2 tons/acre average fuel loading 

• September:  241 total acres, 4 burns, 1 to 125 acres/burn, 4 tons/acre average fuel loading 

Regulated prescribed burns during this Event did not impact the concentrations sufficiently to 

change the Causal Relationship. 

 

IV.1  PM2.5 Tiering Tool for Exceptional Event Analysis 

Historically, the Division has not applied data qualifiers to the ambient monitoring data in AQS 

for instances of wildfire smoke impacts at the monitoring sites.  As a result, the U.S. EPA PM2.5 

Wildland Fire Exceptional Events Tiering Document default methodology tiering thresholds for 

North Dakota are conservative.  The U.S. EPA Exceptional Events Analysis and Visualization 

Tools, PM2.5 Tiering Tool23, was utilized by the Division for the tier threshold calculations to 

determine the site-level tiering thresholds at all nine monitoring sites for the months of May, June, 

July, August, and September.  See Appendix D for PM2.5 Tiering Tool Analyses.   

 

The Division summarized and evaluated the site-level tiering thresholds at all nine monitoring sites 

and identified the maximum PM2.5 Tier 1 threshold is 20.1 µg/m3 at the Bismarck site.  To ensure 

equity statewide, the Division held the Tier 1 threshold constant at 20.1 µg/m3 for the Tier 1 clear 

causal analyses at all nine monitoring sites, ensuring additional conservatism.  North Dakota’s 

equitable methodology identified distinct high levels of monitored 24-hour PM2.5 Event 

concentrations that are markedly higher than non-event concentrations on 55 dates at nine PM2.5 

monitors for a total of 239 PM2.5 monitor Event days (See Table 1). 
 

IV.2  PM10 Historic Fluctuations for Exceptional Event Analysis 

This demonstration presents PM10 Event concentrations in the context of historical concentration 

fluctuations at each monitoring site.  The U.S. EPA Exceptional Events Analysis and Visualization 

Tools and EPA AirData tools were used to analyze the PM10 Event impacts on May 17, 2023.  

Analyses for each site include: 

• A single-year tile plot of daily AQI values24 for 2023. 

• A five-year tile plot of daily AQI values25 for 2019-2023, which depicts the seasonal 

variation.  

 
 

23 U.S. EPA, PM2.5 Tiering Tool – for Exceptional Events Analysis, accessed October 28, 2024, available at 

https://www.epa.gov/air-quality-analysis/pm25-tiering-tool-exceptional-events-analysis 
24 U.S. EPA, Single-Year Tile Plot – for Exceptional Events Analysis, accessed November 19, 2024, available at 

https://www.epa.gov/air-quality-analysis/single-year-tile-plot-exceptional-events-analysis 
25 U.S. EPA, Multi-Year Tile Plot – for Exceptional Events Analysis, accessed November 27, 2024, available at 

https://www.epa.gov/air-quality-analysis/multiyear-tile-plot-exceptional-events-analysis 

https://www.epa.gov/air-quality-analysis/pm25-tiering-tool-exceptional-events-analysis
https://www.epa.gov/air-quality-analysis/single-year-tile-plot-exceptional-events-analysis
https://www.epa.gov/air-quality-analysis/multiyear-tile-plot-exceptional-events-analysis
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• A five-year plot of 24-hour average concentrations26 for 2019-2023. 

• The annual percentile ranking and five-year percentile ranking of each PM10 Event 

concentration. 

 

See Appendix E for PM10 Historic Fluctuations for Exceptional Event Analyses.   

 

North Dakota’s methodology identified distinct high levels of monitored 24-hour PM10 Event 

concentrations that are noticeably higher than non-event concentrations on one date (May 17, 

2023) at three PM10 monitors for a total of three PM10 monitor Event days (See Table 1).  In fact, 

the 24-hour PM10 Event concentrations were the highest concentrations recorded at each site in the 

past five years.   
 

IV.3  Canadian Wildfire Smoke Impacts Particulate Matter Monitors 

While the 2023 Canadian wildfire smoke impacts were regional in nature and observable 

throughout the state from mid-May through late September, it did not cause all monitors to 

continuously exceed the level of the PM NAAQS throughout the duration of the Event.  This 

demonstration includes clear evidence that the 2023 Canadian wildfire smoke was transported on 

55 dates to North Dakota, specifically the locations of the nine PM2.5 monitor sites, inclusive of 

the three PM10 monitor sites.   

 

For each Event date, the AirNow Navigator Data Fusion Tool with the Hazard Mapping System 

(HMS) Smoke27 satellite overlay depicts the smoke plume as well as either the 24-hour PM2.5 or 

24-hour PM10 average monitored concentrations.  The legend for the images shows the monitor 

colors representing the monitored concentration ranges.  Note that the Bismarck PM2.5 monitor 

location is not depicted on the images.  The NDDEQ speculates this to be associated with the 

deletion of AQS primary monitor assignments28 by EPA during EPA’s implementation of the 

T640/T640X alignment algorithm in AQS. 

 

Figure 63.  AirNow Navigator Legends – PM2.5 (left), PM10 (right) 

 
 

 
 

26 U.S. EPA, AirData - Concentration Plot, accessed December 9, 2024, available at https://www.epa.gov/outdoor-air-

quality-data/air-data-concentration-plot 
27 U.S. EPA, AirNowTech Navigator, accessed November 19, 2024, available at https://www.airnowtech.org/ 
28 See Appendix B - 2023 Annual Ambient Air Monitoring Data Certification. 

https://www.epa.gov/outdoor-air-quality-data/air-data-concentration-plot
https://www.epa.gov/outdoor-air-quality-data/air-data-concentration-plot
https://www.airnowtech.org/
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The U.S. EPA Exceptional Events Analysis and Visualization Tools, Concentration Map29, was 

utilized by the Division to map daily 24-hour PM2.5 and daily 24-hour PM10 average monitored 

concentrations for each Event date.  The legend for the images shows the monitor colors 

representing the Air Quality Index (AQI) categories and monitored concentration ranges.  

 

The progression of images for 55 Event dates in Figures 64 through 119 demonstrate that the 2023 

Canadian wildfire smoke was transported to the locations of the nine monitor sites in North Dakota. 

 

These levels of 24-hour PM2.5 and 24-hour PM10 average monitored concentrations in North 

Dakota are very unusual.  The images show the distinct high levels of monitored 24-hour PM2.5 

concentrations, meaning they were 1.5 times the highest 98th percentile of data for the last five 

years.  The May 17, 2023 images shows the 24-hour PM10 concentrations, which were the highest 

concentrations in 2023 as well as in the past five years.  This demonstrates that the monitored PM 

concentrations are unmistakably higher than non-event concentrations. 

 

IV.3.1  May 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota 

from May 16 through May 27 and May 31.  Distinct high levels of 24-hour PM concentrations 

were monitored on May 16-18 as well as May 20-23. 

 

Figure 64.  May 16, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On May 16, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 

  

 
 

29 U.S. EPA, Concentration Map – for Exceptional Events Analysis, accessed November 19, 2024, available at 

https://www.epa.gov/air-quality-analysis/concentration-map-exceptional-events-analysis 

https://www.epa.gov/air-quality-analysis/concentration-map-exceptional-events-analysis
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Figure 65.  May 17, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
The smoke impacts on May 17 resulted in the poorest air quality ever monitored in North Dakota.  

On May 17, 24-hour PM concentrations at all sites were over the level of the 24-hour PM2.5 

NAAQS, new 2024 PM2.5 Annual NAAQS, as well as the 24-hour PM10 NAAQS.  The 24-hour 

PM2.5 concentrations were the highest Event concentrations in 2023 for Billings, Burke, Burleigh, 

Dunn, McKenzie, Mercer, Oliver, and Ward Counties.  Statewide PM2.5 impacts ranged from 

Unhealthy for Sensitive Groups in Cass County to Very Unhealthy in Billings, Burke, Burleigh, 

McKenzie, Mercer, and Ward Counties to Hazardous in Dunn and Oliver Counties. 

 

Figure 66.  May 17, 2023 Smoke Plume and Monitored PM10 Concentrations 

 
The 24-hour PM10 concentrations were the highest Event concentrations in 2023 for Burke, 

Burleigh, and Dunn Counties.  Statewide PM10 impacts ranged from Moderate in Burke County to 

Unhealthy for Sensitive Groups in Dunn County, to Unhealthy in Burleigh County. 
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Figure 67.  May 18, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On May 18, 24-hour PM2.5 concentrations at all sites were over the level of the 24-hour PM2.5 

NAAQS and new 2024 PM2.5 Annual NAAQS. In addition, the May 18 24-hour PM2.5 

concentration was the highest Event concentrations in 2023 for Cass County.  Statewide PM2.5 

impacts ranged from Moderate in Burke and Ward Counties to Unhealthy for Sensitive Groups in 

Billings, Dunn, McKenzie, and Mercer Counties to Unhealthy in Burleigh, Cass, and Oliver 

Counties. 

 

Figure 68.  May 20, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On May 20, 24-hour PM2.5 concentrations were at distinct high levels for Burke and Dunn 

Counties. 
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Figure 69.  May 21, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On May 21, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, Dunn, 

Mercer, Oliver, Billings, and Burleigh Counties. 

 

Figure 70.  May 22, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On May 22, 24-hour PM2.5 concentrations were at distinct high levels for Burke and Billings 

Counties. 
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Figure 71.  May 23, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On May 23, 24-hour PM2.5 concentrations at all sites were at distinct high levels. 

 

IV.3.2  June 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota 

from June 3 through June 21 and June 24 through July 1.  Distinct high levels of 24-hour PM2.5 

concentrations were monitored on June 6, June 13-18, June 27 as well as June 29-July 1. 

 

Figure 72.  June 6, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 6, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 
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Figure 73.  June 13, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 13, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, and Dunn 

Counties. 
 

Figure 74.  June 14, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 14, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Burleigh, and 

Cass Counties.  In addition, the June 14, 24-hour PM2.5 concentration was the second highest Event 

concentrations in 2023 for Cass County.   
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Figure 75.  June 15, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 15, 24-hour PM2.5 concentrations were at distinct high levels for Ward, Oliver, Burleigh, 

and Cass Counties. 

 

Figure 76.  June 16, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 16, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, Dunn, and 

Cass Counties. 
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Figure 77.  June 17, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 17, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, Oliver, 

Burleigh, and Cass Counties. 

 

Figure 78.  June 18, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 18, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 

 

Figure 79.  June 27, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 27, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh and Cass 

Counties. 
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Figure 80.  June 29, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 29, 24-hour PM2.5 concentrations were at distinct high levels for Burke and Ward 

Counties. 

 

Figure 81.  June 30, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On June 30, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, McKenzie, 

Oliver, and Cass Counties. 
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Figure 82.  July 1, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 1, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 

 

IV.3.3  July 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota on 

July 3, July 7 through July 10, and July 13 through July 26.  Distinct high levels of 24-hour PM2.5 

concentrations were monitored on July 3, July 9, July 14-16, as well as July 21-24. 

 

Figure 83.  July 3, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 3, 24-hour PM2.5 concentrations were at distinct high levels for Burke County. 
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Figure 84.  July 9, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 9, 24-hour PM2.5 concentrations were at distinct high levels for Burke County. 

 

Figure 85.  July 14, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 14, 24-hour PM2.5 concentrations at all sites were over the level of the 24-hour PM2.5 

NAAQS and new 2024 PM2.5 Annual NAAQS.  In addition, the July 14, 24-hour PM2.5 

concentrations were within the top 10 highest Event concentrations in 2023 for all sites.  Statewide 

PM2.5 impacts ranged from Unhealthy for Sensitive Groups in Billings, Burleigh, and Cass 

Counties to Unhealthy in Burke, Dunn, McKenzie, Mercer, Oliver, and Ward Counties. 
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Figure 86.  July 15, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 15, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  In addition, the 

July 15, 24-hour PM2.5 concentration was the second highest Event concentrations in 2023 for 

McKenzie County.  Statewide PM2.5 impacts ranged from Moderate in Cass County to Unhealthy 

for Sensitive Groups in Burleigh, Burke, Mercer, Oliver, and Ward Counties to Unhealthy in 

Billings, Dunn, and McKenzie Counties. 

 

Figure 87.  July 16, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 16, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, McKenzie, 

Dunn, Mercer, Oliver, Billings, and Burleigh Counties. 

 

  



 

64 

 

Figure 88.  July 21, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 21, 24-hour PM2.5 concentrations were at distinct high levels for Burke County. 

 

Figure 89.  July 22, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 22, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, Dunn, 

Oliver, and Burleigh Counties. 

 

Figure 90.  July 23, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 23, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 
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Figure 91.  July 24, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On July 24, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 

 

IV.3.4  August 2023 

Canadian wildfire smoke impacts directly affecting air quality were observed in North Dakota on 

August 3 through August 9, August 17 through August 22, and August 25 through September 11.  

Distinct high levels of 24-hour PM2.5 concentrations were monitored on August 4-8, August 17-

19, as well as August 28-September 1. 

 

Figure 92.  August 4, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 4, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh and Cass 

Counties. 
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Figure 93.  August 5, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 5, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh and Cass 

Counties. 

 

Figure 94.  August 6, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 6, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, and 

Burleigh Counties. 
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Figure 95.  August 7, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 7, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, Mercer, Oliver, Burleigh, and Cass Counties.  In addition, the August 7, 24-hour 

PM2.5 concentration was the second highest Event concentrations in 2023 for Ward County.  

Widespread PM2.5 impacts ranged from Moderate in Cass, Dunn, and McKenzie Counties to 

Unhealthy for Sensitive Groups in Burleigh and Mercer Counties, to Unhealthy in Burke, Oliver, 

and Ward Counties. 

 

Figure 96.  August 8, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 8, 24-hour PM2.5 concentrations were at distinct high levels for Burke County. 
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Figure 97.  August 17, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 17, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh and Cass 

Counties. 

 

Figure 98.  August 18, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 18, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, and Cass Counties. 

 

Figure 99.  August 19, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 19, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh County. 
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Figure 100.  August 28, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 28, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, Mercer, Oliver, and Burleigh Counties. 

 

Figure 101.  August 29, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 29, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  Statewide 

PM2.5 impacts ranged from Moderate in Billings County to Unhealthy for Sensitive Groups in 

McKenzie and Cass Counties, to Unhealthy for Burke, Burleigh, Dunn, Mercer, Oliver, and Ward 

Counties. 
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Figure 102.  August 30, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 30, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  Statewide 

PM2.5 impacts ranged from Moderate in Billings and Cass Counties to Unhealthy for Sensitive 

Groups in Dunn, McKenzie, and Ward Counties, to Unhealthy for Burke, Burleigh, Mercer, and 

Oliver Counties. 

 

Figure 103.  August 31, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On August 31, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 
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Figure 104.  September 1, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 1, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, Oliver, and Burleigh Counties. 

 

IV.3.5  September 2023 

Canadian wildfire smoke impacts directly affecting air quality continued to be observed in North 

Dakota September 1 through September 11 and September 14 through September 22.  Distinct 

high levels of 24-hour PM2.5 concentrations were monitored on September 3-8, September 10, as 

well as September 15-22. 

 

Figure 105.  September 3, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 3, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  In addition, 

the September 3, 24-hour PM2.5 concentration was the second highest Event concentrations in 2023 

for Burke County.   Statewide PM2.5 impacts ranged from Moderate in Billings, Burleigh, and Cass 

Counties to Unhealthy for Sensitive Groups in Dunn, McKenzie, Mercer, and Oliver Counties, to 

Unhealthy for Burke and Ward Counties. 
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Figure 106.  September 4, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 4, 24-hour PM2.5 concentrations were over the level of the 24-hour PM2.5 NAAQS 

and new 2024 PM2.5 Annual NAAQS for Burke, Ward, McKenzie, Dunn, Mercer, Oliver, and 

Billings Counties.  Widespread PM2.5 impacts ranged from Moderate in Billings County to 

Unhealthy for Sensitive Groups in Mercer, Oliver, and Ward Counties, to Unhealthy for Burke, 

Dunn, and McKenzie Counties. 

 

On September 5, 24-hour PM2.5 concentrations at all sites were over the level of the 24-hour PM2.5 

NAAQS and new 2024 PM2.5 Annual NAAQS.  In addition, the September 5, 24-hour PM2.5 

concentrations were the second highest Event concentrations in 2023 for Billings, Burleigh, Dunn, 

Mercer, and Oliver Counties and third highest Event concentration in 2023 for Cass, McKenzie, 

and Ward Counties.   

 

Figure 107.  September 5, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
Statewide PM2.5 impacts ranged from Unhealthy for Sensitive Groups in Cass County to Unhealthy 

in Billings, Burke, Burleigh, Dunn, McKenzie, Mercer, Oliver, and Ward Counties. 
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Figure 108.  September 6, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 6, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  Statewide 

PM2.5 impacts ranged from Moderate in Burke, Cass, and Mercer Counties to Unhealthy for 

Sensitive Groups in Billings, Burleigh, Dunn, McKenzie, Oliver, and Ward Counties. 

 

Figure 109.  September 7, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 7, 24-hour PM2.5 concentrations at all sites were at distinct high levels.  Statewide 

PM2.5 impacts ranged from Moderate in Billings and Cass Counties to Unhealthy for Sensitive 

Groups in Burleigh, Dunn, McKenzie, Mercer, Oliver, and Ward Counties, to Unhealthy for 

Burke County. 
 



 

74 

 

Figure 110.  September 8, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 8, 24-hour PM2.5 concentrations were at distinct high levels for Ward, Oliver, 

Burleigh, and Cass Counties. 
 

Figure 111.  September 10, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 10, 24-hour PM2.5 concentrations were at distinct high levels for Cass County. 
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Figure 112.  September 15, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 15, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, Mercer, Oliver, Burleigh, and Cass Counties.  Widespread PM2.5 impacts ranged 

from Moderate in Cass, Dunn, and McKenzie Counties to Unhealthy in Burke, Burleigh, Mercer, 

Oliver, and Ward Counties. 

 

Figure 113.  September 16, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 16, 24-hour PM2.5 concentrations were at distinct high levels for Burke, Ward, 

McKenzie, Dunn, Mercer, Oliver, Burleigh, and Cass Counties.  Widespread PM2.5 impacts 

ranged from Moderate in Burke, Cass, McKenzie, and Ward Counties to Unhealthy for Sensitive 

Groups in Dunn, Mercer, and Oliver Counties, to Unhealthy in Burleigh County. 
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Figure 114.  September 17, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 17, 24-hour PM2.5 concentrations were at distinct high levels for Dunn County. 

 

Figure 115.  September 18, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 18, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh County. 

 

Figure 116.  September 19, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 19, 24-hour PM2.5 concentrations were at distinct high levels for Burke and Ward 

Counties. 

 



 

77 

 

Figure 117.  September 20, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 20, 24-hour PM2.5 concentrations were at distinct high levels for Ward, Dunn, 

Mercer, Oliver, Burleigh, and Cass Counties. 

 

Figure 118.  September 21, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 21, 24-hour PM2.5 concentrations were at distinct high levels for Burleigh County. 
 

Figure 119.  September 22, 2023 Smoke Plume and Monitored PM2.5 Concentrations 

 
On September 22, 24-hour PM2.5 concentrations were at distinct high levels for Burke and Ward 

Counties. 
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IV.4  Clear Causal Conclusion 

From mid-May through mid-September of 2023 a wildfire smoke exceptional event (Event) 

occurred when smoke from wildfires across Canada directly affected the air quality in North 

Dakota.  The 2023 Canadian wildfires produced particulate matter (PM2.5 and PM10) outside the 

regulatory control and jurisdictional borders of the NDDEQ, which regulates air pollution on state 

land within the State of North Dakota.  The resultant particulate matter concentrations at all nine 

North Dakota air monitoring sites (See Figure 1 and Table 1) were at distinct high levels, 

observably higher than non-event concentrations, and exceeded the level of the 24-hour PM2.5 

NAAQS, new 2024 PM2.5 Annual NAAQS, as well as the 24-hour PM10 NAAQS.  The information 

in Sections III and IV clearly demonstrates the meteorological conditions that supported the 

transport of the 2023 Canadian wildfire smoke across North Dakota and to the locations of the 

nine monitor sites.  See Table 1 for the PM2.5 and PM10 Event concentrations on 55 dates at nine 

PM2.5 monitors for a total of 239 PM2.5 monitor event days and one date at three PM10 monitors 

for a total of three PM10 monitor event days.  The comparisons and analyses, provided in Section 

IV and Appendices D and E, support the NDDEQ’s conclusion that the 2023 Canadian wildfire 

smoke affected air quality in such a way that there exists a clear causal relationship between the 

Event and the monitored particulate matter Event concentrations in Table 1 and thus satisfies the 

clear causal relationship criterion for treatment as an exceptional event. 

 

 

SECTION V.  NOT REASONABLY CONTROLLABLE AND NOT REASONABLE PREVENTABLE 

 

This section satisfies the following federal requirements: 

The event was both not reasonably controllable and not reasonably 

preventable. 

40 CFR § 50.14(c)(3)(iv)(D) 

 

The event was caused by a natural event.  

40 CFR § 50.14(c)(3)(iv)(A) and 40 CFR § 50.1(j) 

 

An exceptional event is one that is both not reasonably controllable 

and not reasonably preventable.  

40 CFR § 50.14(b)(8)(vii) and 40 CFR § 50.14(b)(4) 

 

The Exceptional Events Rule 40 CFR § 50.14(b)(8)(vii) provides that a state would not be required 

to provide case-specific justification to support the not reasonable controllable or preventable 

when the emissions-generating event was outside the State, as was the case with the Canadian 

wildfires.  Specifically, 40 CFR § 50.14(b)(8)(vii) states: 

The Administrator shall not require a State to provide case-specific justification to 

support the not reasonably controllable or preventable criterion for emissions-

generating activity that occurs outside of the State's jurisdictional boundaries within 

which the concentration at issue was monitored. 

 

Therefore, it is NDDEQ’s conclusion that emissions from the 2023 Canadian wildfires were not 

reasonably controllable or preventable by North Dakota and thus satisfies the criterion for 

treatment as an exceptional event. 
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SECTION VI.  NATURAL EVENT OR HUMAN ACTIVITY UNLIKELY TO RECUR AT A PARTICULAR 

LOCATION 

 

This section satisfies the following federal requirement: 

A demonstration that the event was a human activity that is unlikely 

to recur at a location or was a natural event.  

40 CFR § 50.14(c)(3)(iv)(E) 

 

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. 

 

The definition for natural event is provided in 40 CFR § 50.1(k). 

40 CFR § 50.1(k): Natural event means an event and its resulting emissions, which 

may recur at the same location, in which human activity plays little or no direct 

causal role.  For purposes of the definition of a natural event, anthropogenic sources 

that are reasonably controlled shall be considered to not play a direct role in causing 

emissions. 

 

The definition for wildfire is provided in 40 CFR § 50.1(n). 

40 CFR § 50.1(n): Wildfire is any fire started by an unplanned ignition caused by 

lightning; volcanoes; other acts of nature; unauthorized activity; or accidental, 

human-caused actions, or a prescribed fire that has developed into a wildfire.  A 

wildfire that predominantly occurs on wildland is a natural event. 

 

The definition for wildland is provided in 40 CFR § 50.1(o). 

40 CFR § 50.1(o): Wildland means an area in which human activity and 

development are essentially non-existent, except for roads, railroads, power lines, 

and similar transportation facilities. Structures, if any, are widely scattered. 

 

The interrelated nature of the definitions above makes clear that wildfire “is any fire started by an 

unplanned ignition” that “predominately occurs on wildland is a natural event”.   In the Exceptional 

Event Rule, EPA clarifies that an event could be considered a natural event by applying the 

reasonable interpretation that the anthropogenic source had “little” direct causal role.  As stated in 

Sections III and IV, the origin and evolution of the 2023 Canadian wildfires occurred across 

Canada and as shown in Figure 2, the fires burned in remote areas.  Canada is the third-most 

forested country in the world and much of these areas can be considered wildland where little 

human activity and development exist.  

 

Based on the documentation provided in Sections III and IV of this demonstration, the event 

qualifies as a wildfire because unplanned ignitions such as lightning caused the majority of the 

unintended wildfires and area burned on wildland. The EPA generally considers the emissions of 

particulate matter (PM2.5 and PM10) from wildfires on wildland to meet the regulatory definition 

of a natural event at 40 CFR § 50.1(k), defined as one “in which human activity plays little or no 

direct causal role.”  The NDDEQ has shown that the wildfire event is a natural event and thus 

satisfies the criterion for treatment as an exceptional event. 
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SECTION VII.  PUBLIC NOTIFICATION 

 

This section satisfies the following federal requirements: 

State public notification when an event occurs or is reasonably 

anticipated to occur, which may result in the exceedance of an 

applicable air quality standard. 

40 CFR § 50.149(c)(1)(i) 

 

Documentation that the State air regulatory agency followed the 

public comment process.  

40 CFR § 50.14(c)(3)(v)(A) 

 

Submit the public comments it received, as well as comment 

responses, along with the demonstration to the Administrator.  

40 CFR § 50.14(c)(3)(v)(B-C) 

 

VII.1  Public Outreach 

The NDDEQ website homepage30 displays current air quality conditions by providing the EPA 

AirNow animation of the Air Quality Index as well as links to learn more information.  The 

NDDEQ website Air Quality Monitoring page31 also displays current air quality conditions and a 

video prepared by KFYR-TV to explain the Air Quality Index, Wildfire Smoke Impacts, and 

Forecasting32, as well as providing monitoring network information.  Additionally, the NDDEQ 

website Wildfires and Air Quality page33 provides further information specific to wildfire effects 

and North Dakota’s air quality. 

 

During the 2023 Canadian wildfire smoke event that impaired air quality in North Dakota, the 

NDDEQ and other federal government agencies notified the public of the dangers and potential 

health impacts of excessive smoke from the 2023 Canadian wildfires.  Website publications 

included the NDDEQ issued Press Releases, National Weather Service forecasts, and the display 

of the Air Quality Index (AQI) by many weather websites.  Many local news providers produced, 

broadcast, and published meteorological and smoke forecasts in addition to news stories related to 

the 2023 Canadian wildfire smoke.  NDDEQ staff were also interviewed and featured in news 

stories related to the air quality impacts experienced in North Dakota as a result of the 2023 

Canadian wildfire smoke.  Individuals, especially sensitive individuals with respiratory conditions, 

were advised to consider limiting prolonged outdoor exposure during smoky conditions.  NDDEQ 

Press Releases and select news stories are contained in Appendix C. 

 

 

 

 

 
 

30 https://deq.nd.gov/ 
31 https://deq.nd.gov/AQ/monitoring/ 
32 https://youtu.be/mVcrWFONERc 
33 https://deq.nd.gov/AQ/monitoring/Wildfire.aspx 

https://deq.nd.gov/
https://deq.nd.gov/AQ/monitoring/
https://youtu.be/mVcrWFONERc
https://deq.nd.gov/AQ/monitoring/Wildfire.aspx
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VII.2  Notice and Opportunity for Comment 

Before making final the Exceptional Event Demonstration, the NDDEQ must solicit public 

comment.  The Exceptional Event Rule 40 CFR § 50.14(c)(3)(v)(A) provides for a 30-day 

comment period for the public as well as initial EPA review of the Exceptional Event 

Demonstration.  

 

The NDDEQ’s public notice of intent (NOI) and the Exceptional Event Demonstration will be 

available for review at NDDEQ’s office and will be posted on the NDDEQ’s Division of Air 

Quality website at https://deq.nd.gov/AQ/PublicCom.aspx.  All comments submitted following the 

NOI instructions will be considered and included in the final Exceptional Event Demonstration, 

along with NDDEQ’s comment responses.  

 

 

SECTION VIII.  CONCLUSION 

 

This demonstration addresses all required components of a request to exclude exceptional event-

related data, as detailed in 40 CFR § 50.14.  The Event concentrations were all above the level of 

the EPA PM2.5 Tier 1 thresholds for each site or above the level of the PM10 24-hour NAAQS and 

were all influenced by smoke from the 2023 Canadian wildfires from mid-May through mid-

September.  The NDDEQ considers these exceedances of the level of the particulate matter (PM2.5 

and PM10) NAAQSs to meet the criteria of regulatory significance as they impact regulatory 

determinations about North Dakota’s attainment of the NAAQS.  Pursuant to federal regulations, 

the NDDEQ requests EPA concurrence that the particulate matter (PM2.5 and PM10) Event 

concentrations in Table 1 were caused by an exceptional event and should be excluded from the 

data record for the PM2.5 NAAQS (annual and 24-hour), PM10 NAAQS (24-hour), and any other 

applicable regulatory purposes (40 CFR § 50.14(b)).  The days and sites for which the NDDEQ is 

requesting concurrence were impacted by an Event consistent with EPA’s definition of “unusual 

or naturally occurring events that can affect air quality but are not reasonably controllable using 

techniques that tribal, state, or local air agencies may implement in order to attain and maintain 

the [NAAQS]” (USEPA, 2020a). 

 

  

https://deq.nd.gov/AQ/PublicCom.aspx
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Appendix D PM2.5 Tiering Tool Analyses 

This PM2.5 Tiering Tool Analyses follows the process described in the U.S. EPA PM2.5 Wildland 

Fire Exceptional Events Tiering Document34.  It states: 

This document outlines a tiered approach for addressing the clear causal 

relationship element within a wildland fire PM2.5 demonstration, recognizing that 

some causal relationships may be clearer and, therefore, require relatively fewer 

pieces of evidence to satisfy the rule requirements. 

 

Tier 1 clear causal analyses are intended for wildland fire events with distinct high levels of 

monitored 24-hour PM2.5 concentrations, when compared to historical 24-hour concentrations.  

More specifically, the event concentrations were 1.5 times the highest 98th percentile of data for 

the last five years.  This demonstrates that the monitored event concentrations are undeniably 

higher than non-event concentrations, thus requiring fewer pieces of evidence to establish a clear 

causal relationship.  

 

Historically, the Division has not applied data qualifiers to the ambient monitoring data in AQS 

for instances of wildfire smoke impacts at the monitoring sites.  As a result, the U.S. EPA PM2.5 

Wildland Fire Exceptional Events Tiering Document default methodology tiering thresholds for 

North Dakota are conservative.   

 

The U.S. EPA Exceptional Events Analysis and Visualization Tools, PM2.5 Tiering Tool35, was 

utilized by the Division for the tier threshold calculations to determine the site-level tiering 

thresholds at all nine monitoring sites.  Tier Thresholds in the PM2.5 Tiering Tool are: 

• Based on the most recent, complete 5-year period 2019-2023. 

• Calculated at the site level.  For identifying site-days to exclude from the tier threshold 

calculations, the tool considers the raw data record for all monitors at a site.  If any hour of 

the day at any monitor at the site has an R (Request Exclusion) flag or a fire-related I 

(Informational) flag36, then the tool excludes the site-level aggregated daily value from the 

tier threshold calculations.  Fire-related I flags include IT (Wildfire - U.S.), IF (Fire - 

Canadian), IG (Fire - Mexico/Central America), IH (Fireworks), IM (Prescribed Fire), and 

IP (Structural Fire). 

• The tier thresholds are based on the lesser value of either (a) the most recent 5-year month-

specific 98th percentile for 24-hour PM2.5 data, or (b) the minimum annual 98th percentile 

for 24-hour PM2.5 data for the most recent 5-year period with all R flagged and fire-related 

I flagged days excluded.  

• Tier 1 demonstrations are appropriate for 24-hour PM2.5 greater than or equal to 1.5 times 

the threshold. 

 
 

34 U.S. EPA, PM2.5 Wildland Fire Exceptional Events Tiering Document, April 2024, available at 

https://www.epa.gov/system/files/documents/2024-04/final-pm-fire-tiering-4-30-24.pdf 
35 U.S. EPA, PM2.5 Tiering Tool – for Exceptional Events Analysis, accessed October 28, 2024, available at 

https://www.epa.gov/air-quality-analysis/pm25-tiering-tool-exceptional-events-analysis 
36 In the context of the PM2.5 Tiering Tool, "flagged data" are data in AQS that have been flagged by the State or local 

agency as having been impacted by any of the wildfire event types in AQS (e.g., IF, IG , IM , IT, RF, RG, RM, RP, 

RT). 

https://www.epa.gov/system/files/documents/2024-04/final-pm-fire-tiering-4-30-24.pdf
https://www.epa.gov/air-quality-analysis/pm25-tiering-tool-exceptional-events-analysis


 

 

 

• Tier 2 demonstrations are appropriate for 24-hour PM2.5 greater than or equal to the 

threshold but less than 1.5 times the threshold. 

• Tier 3 demonstrations are appropriate for 24-hour PM2.5 less than the threshold.   

 

The following images are the monitor site-level tiering graphs produced by the PM2.5 Tiering Tool, 

which display the daily PM2.5 concentrations along with tier levels.  As smoke from wildfires 

across Canada directly affected the air quality in North Dakota from mid-May through mid-

September of 2023, the PM2.5 Tiering Tool was run at each monitor site for the months of May, 

June, July, August, and September.   

 

AQS ID 38-007-0002, Painted Canyon (TRNP-SU), Billings County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-013-0004, Lostwood NWR, Burke County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-015-0003, Bismarck Residential, Burleigh County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-017-1004, Fargo NW, Cass County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-025-0004, Lake Ilo NWR, Dunn County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-053-0002, TRNP-NU, McKenzie County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-057-0004, Beulah North, Mercer County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-065-0002, Hannover, Oliver County 

 

 



 

 

 

 

 

 



 

 

 

 

AQS ID 38-101-0003, Ryder, Ward County 

 

 



 

 

 

 

 

 



 

 

 

 

The Division summarized the site-level tiering thresholds at all nine monitoring sites for the 

months of May, June, July, August, and September.  The Division evaluated the site-level tiering 

thresholds and identified the maximum PM2.5 Tier 1 threshold is 20.1 µg/m3 at the Bismarck site.   

 

 

Monitor County 
PM2.5 Tier 1 Threshold (µg/m3) 

May June July August September 

Painted Canyon 

(TRNP-SU) 
Billings 13.95 13.05 13.95 13.95 13.95 

Lostwood NWR 

 
Burke 15 15 15 15 15 

Bismarck 

Residential 
Burleigh 18 20.1 20.1 20.1 20.1 

Fargo NW 

 
Cass 19.8 18.15 19.8 19.8 19.8 

Lake Ilo NWR 

 
Dunn 15.15 15.15 15.15 15.15 15.15 

TRNP-NU 

 
McKenzie 15.45 15.45 15.45 15.45 15.45 

Beulah North 

 
Mercer 16.5 15.9 16.5 16.5 16.5 

Hannover 

 
Oliver 17.25 17.55 17.55 17.55 17.55 

Ryder 

 
Ward 16.05 16.05 16.05 16.05 16.05 

North Dakota Maximum 

Tier 1 Threshold 
19.8 20.1 20.1 20.1 20.1 

 

 

To ensure equity statewide, the Division held the Tier 1 threshold constant at 20.1 µg/m3 for the 

Tier 1 clear causal analyses at all nine monitoring sites, ensuring additional conservatism.  North 

Dakota’s equitable methodology identified distinct high levels of monitored 24-hour PM2.5 Event 

concentrations that are notably higher than non-event concentrations on 55 dates at nine PM2.5 

monitors for a total of 239 PM2.5 monitor Event days. 

 

  



 

 

 

Appendix E PM10 Historic Fluctuation Analyses 

 

The U.S. EPA Exceptional Events Analysis and Visualization Tools and EPA AirData tools were 

used to analyze the PM10 Event impacts on May 17, 2023.  Analyses for each site include: 

• A single-year tile plot of daily AQI values37 for 2023. 

• A five-year tile plot of daily AQI values38 for 2019-2023, which depicts the seasonal 

variation.  

• A five-year plot of 24-hour average concentrations39 for 2019-2023. 

• The annual percentile ranking and five-year percentile ranking of each PM10 Event 

concentration. 

 

The legend for the images shows the monitor colors representing the Air Quality Index (AQI) 

categories and PM10 monitored concentration ranges.  

 

 
 

  

 
 

37 U.S. EPA, Single-Year Tile Plot – for Exceptional Events Analysis, accessed November 19, 2024, available at 

https://www.epa.gov/air-quality-analysis/single-year-tile-plot-exceptional-events-analysis 
38 U.S. EPA, Multi-Year Tile Plot – for Exceptional Events Analysis, accessed November 27, 2024, available at 

https://www.epa.gov/air-quality-analysis/multiyear-tile-plot-exceptional-events-analysis 
39 U.S. EPA, AirData - Concentration Plot, accessed December 9, 2024, available at https://www.epa.gov/outdoor-air-

quality-data/air-data-concentration-plot 

https://www.epa.gov/air-quality-analysis/single-year-tile-plot-exceptional-events-analysis
https://www.epa.gov/air-quality-analysis/multiyear-tile-plot-exceptional-events-analysis
https://www.epa.gov/outdoor-air-quality-data/air-data-concentration-plot
https://www.epa.gov/outdoor-air-quality-data/air-data-concentration-plot


 

 

 

AQS ID 38-013-0004, Lostwood NWR, Burke County 

 

 

 
 

Monitor Date PM10 

(µg/m3) 

Annual (2023) 

Percentile Ranking 

5-Year (2019-2023) 

Percentile Ranking 

Lostwood NWR 5/17/2023 151 100% 100% 

 



 

 

 

AQS ID 38-015-0003, Bismarck Residential, Burleigh County 

 

 

 
 

Monitor Date PM10 

(µg/m3) 

Annual (2023) 

Percentile Ranking 

5-Year (2019-2023) 

Percentile Ranking 

Bismarck Residential 5/17/2023 303 100% 100% 



 

 

 

AQS ID 38-025-0004, Lake Ilo NWR, Dunn County 

 

 

 
 

Monitor Date PM10 

(µg/m3) 

Annual (2023) 

Percentile Ranking 

5-Year (2019-2023) 

Percentile Ranking 

Lake Ilo NWR 5/17/2023 176 100% 100% 

 



 

 

 

Appendix F AMP350 Reports 

Air Quality System Raw Data Reports (AMP350) that show the data that NDDEQ is requesting to be excluded from the data record 

has been flagged with Request Exclusion:  Fire – Canadian, or “rf”. 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 



 

 

 

Appendix G Public Comments 

 

This report is subject to 30 days of public comment before finalization.  This appendix will be 

populated with applicable public comments along with comment responses before finalization. 
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