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 Supporting Media 
Coverage for Section 3.1.4 
Images and links for media coverage of the August 18-21 exceptional event detailed in Section 3.1.4 
of the main text is presented below in Figures A-1 through A-4. 

 
Figure A-1. Article entitled “Air quality advisory issued for Tuesday and Wednesday due to 
wildfire smoke” (https://www.8newsnow.com/news/local-news/air-quality-advisory-issued-for-
tuesday-and-wednesday-due-to-wildfire-smoke/). Article released by 8NewsNow, a local Las 
Vegas news outlet, on August 18, 2020. 

https://www.8newsnow.com/news/local-news/air-quality-advisory-issued-for-tuesday-and-wednesday-due-to-wildfire-smoke/
https://www.8newsnow.com/news/local-news/air-quality-advisory-issued-for-tuesday-and-wednesday-due-to-wildfire-smoke/
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Figure A-1 (Cont). Article entitled “Air quality advisory issued for Tuesday and Wednesday due 
to wildfire smoke” (https://www.8newsnow.com/news/local-news/air-quality-advisory-issued-
for-tuesday-and-wednesday-due-to-wildfire-smoke/). Article released by 8NewsNow, a local 
Las Vegas news outlet, on August 18, 2020. 

https://www.8newsnow.com/news/local-news/air-quality-advisory-issued-for-tuesday-and-wednesday-due-to-wildfire-smoke/
https://www.8newsnow.com/news/local-news/air-quality-advisory-issued-for-tuesday-and-wednesday-due-to-wildfire-smoke/
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Figure A-2. Article entitled “Haze hangs over Las Vegas valley” 
(https://www.8newsnow.com/news/local-news/haze-hangs-over-las-vegas-valley/). Article 
released by 8NewsNow, a local Las Vegas news outlet, on August 21, 2020. 

 

https://www.8newsnow.com/news/local-news/haze-hangs-over-las-vegas-valley/
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Figure A-3. Article entitled “County Extends Smoke, Ozone Advisory Through the Weekend” 
(https://www.audacy.com/kxnt/articles/press-release/county-extends-smoke-ozone-advisory-
through-the-weekend). Article released by KXNT, a local Las Vegas news outlet, on August 21, 
2020. 

https://www.audacy.com/kxnt/articles/press-release/county-extends-smoke-ozone-advisory-through-the-weekend
https://www.audacy.com/kxnt/articles/press-release/county-extends-smoke-ozone-advisory-through-the-weekend
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Figure A-4. Article entitled “Smoke blots out Las Vegas sunrise; air advisory issued through the 
weekend” (https://www.reviewjournal.com/local/weather/smoke-blots-out-las-vegas-sunrise-
air-advisory-issued-through-weekend-2100432/). Article released by Las Vegas Review-Journal, 
a local Las Vegas newspaper, on August 21, 2020. 

https://www.reviewjournal.com/local/weather/smoke-blots-out-las-vegas-sunrise-air-advisory-issued-through-weekend-2100432/
https://www.reviewjournal.com/local/weather/smoke-blots-out-las-vegas-sunrise-air-advisory-issued-through-weekend-2100432/


● ● ●    Appendix A 
 

● ● ●    A.6 

 
Figure A-4 (Cont). Article entitled “Smoke blots out Las Vegas sunrise; air advisory issued 
through the weekend” (https://www.reviewjournal.com/local/weather/smoke-blots-out-las-
vegas-sunrise-air-advisory-issued-through-weekend-2100432/). Article released by Las Vegas 
Review-Journal, a local Las Vegas newspaper, on August 21, 2020. 

https://www.reviewjournal.com/local/weather/smoke-blots-out-las-vegas-sunrise-air-advisory-issued-through-weekend-2100432/
https://www.reviewjournal.com/local/weather/smoke-blots-out-las-vegas-sunrise-air-advisory-issued-through-weekend-2100432/
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Real-time air quality data, Air Quality Index (AQI) maps, daily air quality forecasts, and event 
notifications are available on the DES website (https://clarkcountynvairquality.meteostar.com/). Air 
quality forecasts and current data are also available through EPA’s AirNow and EnviroFlash systems. 
DES issues air quality advisories and alerts to warn the public and regulated community if unhealthy 
levels of a regulated pollutant are anticipated, and to provide recommendations on reducing 
exposure and emissions. Advisories are issued when forecast conditions are favorable for pollutant 
levels to exceed the NAAQS (i.e., to reach the Unhealthy for Sensitive Groups [USG] level) on the AQI, 
or when public health and safety might be in danger. Alerts are issued when air quality levels have 
already reached the AQI USG level or are expected to reach that level. Figures A-5 through A-8 
provides the concentration and AQI values for all NAAQS pollutants in the Metropolitan/Non-
Metropolitan and Greater Las Vegas Metro Area from August 18-21, 2020. This information was 
publicly available during the August 18-21 potential exceptional event. In addition to the near-real-
time data available on the DES website, 5-day AQI forecasts were and are currently available for 
August 18-21, 2020, to the public here: https://aqportal.clarkcountynv.gov/DES_AQ_Forecast.  

The Air Quality Advisory/News Release for the overall 2020 ozone season is shown in Figure A-9, for 
August 18-19, 2020, in Figure A-10, for August 20-21, 2020, in Figure A-11, and for August 22-23, 
2020, in Figure A-12. Additional media coverage and publicly available AirNow AQI maps for the 
August 18-21 potential exceptional event dates are included in Section 3.1.2 and Section 3.1.4 of the 
main report.  

 

https://aqportal.clarkcountynv.gov/DES_AQ_Forecast
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Figure A-5. AQI values reported by the Clark County Department of Environment and 
Sustainability on August 18, 2020. 
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Figure A-6. AQI values reported by the Clark County Department of Environment and 
Sustainability on August 19, 2020 
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Figure A-7. AQI values reported by the Clark County Department of Environment and 
Sustainability on August 20, 2020. 
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Figure A-8. AQI values reported by the Clark County Department of Environment and 
Sustainability on August 21, 2020. 
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Figure A-9. Seasonal Ozone Advisory issued by the Clark County Office of Public 
Communication on March 31, 2020, for the 2020 Ozone Season (April 1 to September 30, 
2020). 
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Figure A-9 (cont.). Seasonal Ozone Advisory issued by the Clark County Office of Public 
Communication on March 31, 2020, for the 2020 Ozone Season (April 1 to September 30, 
2020). 
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Figure A-10. Smoke and Ozone Advisory issued by the Clark County Office of Public 
Communication on August 18, 2020, for August 18-19, 2020. 
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Figure A-10 (cont.). Smoke and Ozone Advisory issued by the Clark County Office of Public 
Communication on August 18, 2020, for August 18-19, 2020.
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Figure A-11. Smoke and Ozone Advisory issued by the Clark County Office of Public 
Communication on August 20, 2020, for August 20-21, 2020. 
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Figure A-11 (cont.). Smoke and Ozone Advisory issued by the Clark County Office of Public 
Communication on August 20, 2020, for August 20-21, 2020. 
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Figure A-12. Smoke and Ozone Advisory issued by the Clark County Office of Public 
Communication on August 21, 2020, for August 22-23, 2020. 
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Figure A-12 (cont.). Smoke and Ozone Advisory issued by the Clark County Office of Public 
Communication on August 21, 2020, for August 22-23, 2020.
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 Extended Emissions 
Transport Analysis 

To further investigate the transport of emissions from the fires identified in this demonstration, an 
extended analysis was conducted to investigate emissions and the transport of smoke from fires over 
more than 24 hours. This extended analysis is similar to the analysis presented in Section 3.2.1, Key 
Factor #1 is the Q/d Analysis, but with the transport of wildfire smoke emissions for additional days 
(August 16 and 17) prior to the first exceedance event on August 18 included. This extended analysis 
was conducted because HYSPLIT modeling, presented in Section 3.1.3, suggests smoke transport 
from additional fires over a period of more than 24 hours. We refer to the resulting value calculated 
using the 48-hour back trajectories and emissions estimates from prior days as “Extended Q/d” to 
distinguish these results with the Q/d calculated in accordance with EPA guidance. The Extended Q/d 
and Q/d are unlikely to be directly comparable to one another due to differences in ozone 
photochemistry over varying time scales (Jaffe and Wigder, 2012). 

The 72-hour HYSPLIT back trajectories and their uncertainty buffers show that transport likely 
occurred from all identified fires to the exceeding monitors in Clark County (Figures B-1 through 
B-4). The total emissions from a subset of fires examined were significant on August 17 (Table B-1) 
and August 16 (Table B-2). These extended analyses provide evidence that wildfires emitted ozone 
precursors in the days leading up to August 18, 2020, and these emissions were transport to Clark 
County, Nevada. 
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Figure B-1. 72-hour back trajectories for August 18, 2020. Trajectories are shown as solid or 
dotted lines. The starting height of the back trajectory is indicated by the color. Uncertainty 
buffers, calculated as 25% of the distance traveled by the trajectory, are shown in colored 
polygons. Active fires on August 18 are shown as red squares. Fires falling within one or more 
uncertainty buffer(s) were used to calculate individual and aggregate emissions impact values. 
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Figure B-2. 72-hour back trajectories for August 19, 2020. Trajectories are shown as solid or 
dotted lines. The starting height of the back trajectory is indicated by the color. Uncertainty 
buffers, calculated as 25% of the distance traveled by the trajectory, are shown in colored 
polygons. Active fires on August 19 are shown as red squares. Fires falling within one or more 
uncertainty buffer(s) were used to calculate individual and aggregate emissions impact values. 
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Figure B-3. 72-hour back trajectories for August 20, 2020. Trajectories are shown as solid or 
dotted lines. The starting height of the back trajectory is indicated by the color. Uncertainty 
buffers, calculated as 25% of the distance traveled by the trajectory, are shown in colored 
polygons. Active fires on August 20 are shown as red squares. Fires falling within one or more 
uncertainty buffer(s) were used to calculate individual and aggregate emissions impact values. 
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Figure B-4. 72-hour back trajectories for August 21, 2020. Trajectories are shown as solid or 
dotted lines. The starting height of the back trajectory is indicated by the color. Uncertainty 
buffers, calculated as 25% of the distance traveled by the trajectory, are shown in colored 
polygons. Active fires on August 21 are shown as red squares. Fires falling within one or more 
uncertainty buffer(s) were used to calculate individual and aggregate emissions impact values.
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Table B-1. Daily growth, daily emissions associated with the daily growth in area burned, and Q/d for the fires with potential smoke 
contribution on August 17, 2020. Total area burned represents the cumulative area burned across the entire history of the fire up to and 
including August 17. Growth for all dates shown were obtained from agency estimates available from the Incident Information System 
(InciWeb) or satellite estimates of growth. Aggregate Q/d calculated for all fires shown is 12. Column “E (Tons)” represents the sum of NOx 
and Reactive VOC emissions. 

 

Fire Name 

Total 
Area 

Burned 
(Acres) 

Daily 
Growth 
(Acres) 

NOx 
(Tons) 

VOCs 
(Tons) 

Reactive 
VOCs 
(Tons) 

E (Tons) Distance 
(Km) 

Q/d 
(Tons/km) Fuel Loading Fire size data source 

North 
Range 

Fire 
NA NA NA NA NA NA NA NA Creosote bush 

shrubland NA 

Dome 
Fire 20,621 4,621 17.09 89.8 54 71 65 1.1 Creosote bush 

shrubland MODIS hotspot estimate 

Lake Fire 21,115 2,589 83.59 438.9 263 347 210 1.7 
California live 
oak-blue oak 

woodland 

https://inciweb.nwcg.gov/incident
/6953/ 

Red 
Salmon 

Complex 
15,129 2,273 73.39 2128.4 1,277 1,350 910 1.5 

Douglas fir 
madrone tanoak 

forest 

 
https://inciweb.nwcg.gov/incident

/6891/ 

August 
Complex 

Fire 
825 825 16.92 543.0 326 343 780 0.4 

Jeffrey pine 
ponderosa pine 

Douglas fir 
California black 

oak forest 

https://inciweb.nwcg.gov/incident
/article/6983/53307/ 

LNU 
Lightning 
Complex 

Fire 

12,000 12,000 270.49 2027.3 1,216 1,487 700 2.1 
California live 
oak blue oak 

woodland 

https://www.sfchronicle.com/calif
ornia-wildfires/article/Whatever-

anyone-can-spare-How-lightning-
in-15538666.php 

SCU 
Lightning 
Complex 

Fire 

16,998 13,652 4.92 24.6 15 20 570 0.0 
Wheatgrass 
cheatgrass 
grassland 

MODIS hotspot estimate 
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Fire Name 

Total 
Area 

Burned 
(Acres) 

Daily 
Growth 
(Acres) 

NOx 
(Tons) 

VOCs 
(Tons) 

Reactive 
VOCs 
(Tons) 

E (Tons) Distance 
(Km) 

Q/d 
(Tons/km) Fuel Loading Fire size data source 

Cold 
Springs 

Fire 
NA NA NA NA NA NA NA NA Sagebrush 

Shrubland NA 

River Fire NA NA NA NA NA NA NA NA 
California live 
oak-blue oak 

woodland 
NA 

Dolan 
Fire NA NA NA NA NA NA NA NA 

California live 
oak-blue oak 

woodland 
NA 

North 
Complex 

Fire 
NA NA NA NA NA NA NA NA 

Douglas fir sugar 
pine tanoak 

forest 
NA 

Loyalton 
Fire 44,147 7852 185.85 6713.3 4027.98 4,214 590 7.1 

Ponderosa pine 
Jeffrey pine 

forest 

https://inciweb.nwcg.gov/incident
/news/6975/ 

CZU 
Lightning 
Complex 

Fire 

NA NA NA NA NA NA NA NA Redwood tanoak 
forest NA 

Carmel 
Fire NA NA NA NA NA NA NA NA 

California live 
oak blue oak 

woodland 
NA 
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Table B-2. Daily growth, daily emissions associated with the daily growth in area burned, and Q/d for the fires with potential smoke 
contribution on August 16, 2020. Total area burned represents the cumulative area burned across the entire history of the fire up to and 
including August 16. Growth for all dates shown were obtained from agency estimates available from the Incident Information System 
(InciWeb) or satellite estimates of growth. Aggregate Q/d calculated for all fires shown is 34. Column “E (Tons)” represents the sum of NOx 
and Reactive VOC emissions. 

 

Fire 
Name 

Total Area 
Burned 
(Acres) 

Daily 
Growth 
(Acres) 

NOx 
(Tons) 

VOCs 
(Tons) 

Reactive 
VOCs 
(Tons) 

E 
(Tons) 

Distance 
(Km) 

Q/d 
(Tons/km) Fuel Loading Fire size data source 

North 
Range 

Fire 
NA NA NA NA NA NA NA NA 

Creosote 
bush 

shrubland 
NA 

Dome 
Fire 16,000 10,224 37.82 198.7 119 157 65 2.4 

Creosote 
bush 

shrubland 
https://www.nps.gov/moja/learn/nature/dome-fire.htm 

Lake Fire 18,526 664 20.79 109.2 65 86 210 0.4 

California 
live oak-blue 

oak 
woodland 

https://inciweb.nwcg.gov/incident/article/6953/53254/ 

Red 
Salmon 

Complex 
12,856 755 24.38 707.0 424 449 910 0.5 

Douglas fir 
madrone 
tanoak 
forest 

https://inciweb.nwcg.gov/incident/6891/ 

August 
Complex 

Fire 
NA NA NA NA NA NA NA NA 

Jeffrey pine 
ponderosa 

pine 
Douglas fir 
California 
black oak 

forest 

NA 

LNU 
Lightning 
Complex 

Fire 

NA NA NA NA NA NA NA NA 

California 
live oak blue 

oak 
woodland 

NA 
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Fire 
Name 

Total 
Area 

Burned 
(Acres) 

Daily 
Growth 
(Acres) 

NOx 
(Tons) 

VOCs 
(Tons) 

Reactive 
VOCs 
(Tons) 

E 
(Tons) 

Distance 
(Km) 

Q/d 
(Tons/km) Fuel Loading Fire size data source 

SCU 
Lightning 
Complex 

Fire 

3,345 3,345 1.2 6.0 4 5 570 0.0 
Wheatgrass 
cheatgrass 
grassland 

MODIS hotspot estimate 

Cold 
Springs 

Fire 
NA NA NA NA NA NA NA NA Sagebrush 

shrubland NA 

River Fire NA NA NA NA NA NA NA NA 
California live 
oak-blue oak 

woodland 
NA 

Dolan 
Fire NA NA NA NA NA NA NA NA 

California live 
oak-blue oak 

woodland 
NA 

North 
Complex 

Fire 
NA NA NA NA NA NA NA NA 

Douglas fir 
sugar pine 

tanoak forest 
NA 

Loyalton 
Fire 36295 36295 859.1 31031.5 18618.9 19,478 590 33 

Ponderosa 
pine Jeffrey 
pine forest 

https://inciweb.nwcg.gov/incident/news/6975/ 

CZU 
Lightning 
Complex 

Fire 

NA NA NA NA NA NA NA NA Redwood 
tanoak forest NA 

Carmel 
Fire NA NA NA NA NA NA NA NA 

California live 
oak blue oak 

woodland 
NA 
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Reference 

Jaffe D.A. and Wigder N.L. (2012) Ozone production from wildfires: a critical review. Atmospheric 
Environment, 51, 1-10, May. Available at 
https://www.sciencedirect.com/science/article/pii/S1352231011012507.  

https://www.sciencedirect.com/science/article/pii/S1352231011012507
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 Satellite Retrievals of 
Pollutant Concentrations from 
Section 3.2.3 

CO retrievals from the Measurements of Pollution in the Troposphere (MOPITT) instrument onboard 
the Terra satellite were only available for August 19 and 21, 2020. The August 21, 2020, image is 
included in the main text in Section 3.2.3. However, Figure C-1 shows a limb retrieval of CO over Las 
Vegas and does not provide CO concentrations for most of the Clark County area. Therefore, the 
August 19, 2020, MOPITT CO retrieval is considered inconclusive for the August 18-21 exceptional 
event. Additionally, CO measurements from the Atmospheric Infrared Sounder (AIRS) satellite were 
unavailable from August 18-21. 

 
Figure C-1. A zoomed-in view (over Clark County and the fires in California) of the Aqua 
MOPITT CO retrieval during the EE on August 19, 2020. 
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 Supporting Figures and 
Documents for Section 3.2.4 

The ratio of PM10/PM2.5 is examined at each event site where PM2.5 and PM10 data is available in 
Figures D-1 through D-4 to determine if a dust event had a significant contribution to abnormal 
PM2.5 concentrations in Clark County during the event period. Elevated PM2.5 concentrations that are 
caused by a dust event can be identified by an even greater increase in PM10. In other words, there 
should be an accompanying increase in the PM10/PM2.5 ratio. Contributions to PM2.5 concentrations 
due to a dust event could confound the assertion that wildfire influence in Clark County can be 
identified by elevated or abnormal levels of PM2.5. Four years of PM10/PM2.5 data is available from 
Paul Meyer, one year from Walter Johnson, three years from Joe Neal, and five years from Green 
Valley. As seen in the following figures, the periods with the highest PM2.5 concentrations, between 
August 20 and 21, were not accompanied by a marked increase in the PM10/PM2.5 ratio at any site. 
PM10/PM2.5 hover at or below the diurnal average at each site for most of the event period. This 
demonstrates that a dust event did not significantly contribute to the abnormal PM2.5 concentrations 
measured in Clark County between August 18 through 21, lending evidence to the assertion that 
these abnormalities were related to the presence of wildfire smoke at the surface. 

 
Figure D-1. PM10/PM2.5 ratio (yellow) and PM2.5 (maroon) concentrations at Joe Neal during 
the August 18-21, 2020, event period. The seasonal average PM10/PM2.5 ratio is shown as a 
dashed line, and the 5th-95th percentile PM10/PM2.5 ratio is shaded in yellow. The gray bar 
highlights August 18-21, 2020.  



● ● ●    Appendix D 
 

● ● ●    D.2 

 

 
Figure D-2. PM10/PM2.5 ratio (yellow) and PM2.5 (maroon) concentrations at Paul Meyer during 
the August 18-21, 2020, event period. The seasonal average PM10/PM2.5 ratio is shown as a 
dashed line, and the 5th-95th percentile PM10/PM2.5 ratio is shaded in yellow. The gray bar 
highlights August 18-21, 2020. 
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Figure D-3. PM10/PM2.5 ratio (yellow) and PM2.5 (maroon) concentrations at Walter Johnson 
during the August 18-21, 2020, event period. The seasonal average PM10/PM2.5 ratio is shown 
as a dashed line, and the 5th-95th percentile PM10/PM2.5 ratio is shaded in yellow. The gray bar 
highlights August 18-21, 2020. 

 
Figure D-4. PM10/PM2.5 ratio (yellow) and PM2.5 (maroon) concentrations at Green Valley 
during the August 18-21, 2020, event period. The seasonal average PM10/PM2.5 ratio is shown 
as a dashed line, and the 5th-95th percentile PM10/PM2.5 ratio is shaded in yellow. The gray bar 
highlights August 18-21, 2020. 
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Diurnal profiles of ozone and CO on August 18-21 are included in Figures D-5 and D-6 below. CO 
data is available only for the Joe Neal (two years of data) and Green Valley (one year of data) event 
sites. CO concentrations reached magnitudes comparable to the 95th percentile value at each of 
these sites during the event period, but generally followed the expected diurnal pattern. 
 

 
Figure D-5. CO (green) and ozone (maroon) concentrations at Joe Neal during the August 18-
21, 2020, event period. The seasonal average CO ratio is shown as a dashed line, and the 5th-
95th percentile CO concentrations is shaded in green. The gray bar highlights August 18-21, 
2020. 
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Figure D-6. CO (green) and ozone (maroon) concentrations at Green Valley during the August 
18-21, 2020, event period. The seasonal average CO ratio is shown as a dashed line, and the 
5th-95th percentile CO concentrations is shaded in green. The gray bar highlights August 18-
21, 2020. 

Concentrations of NOx were examined for each day in the August 18-21 event in Clark County (see 
Figures D-7 through D-9). NO data are available only at the NCore reference site, Jerome Mack (five 
years of data), and NO2 data are available only from Joe Neal (five years of data) and Jerome Mack 
(four years of data). The daily NOx trends did not deviate markedly from expected diurnal patterns 
during the event period, though peak concentrations of both NO and NO2 at Jerome Mack were 
above average on each date. 
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Figure D-7. NO2 (yellow) and ozone (maroon) concentrations at Joe Neal during the August 
18-21, 2020, event period. The seasonal average NO2 ratio is shown as a dashed line, and the 
5th-95th percentile NO2 concentrations is shaded in yellow. The gray bar highlights August 18-
21, 2020. 

 
Figure D-8. NO2 (yellow) and ozone (maroon) concentrations at Jerome Mack during the 
August 18-21, 2020, event period. The seasonal average NO2 ratio is shown as a dashed line, 
and the 5th-95th percentile NO2 concentrations is shaded in yellow. The gray bar highlights 
August 18-21, 2020. 
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Figure D-9. NO (green) and ozone (maroon) concentrations at Jerome Mack during the 
August 18-21, 2020, event period. The seasonal average NO ratio is shown as a dashed line, 
and the 5th-95th percentile NO concentrations is shaded in yellow. The gray bar highlights 
August 18-21, 2020. 
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 Supporting Figures and 
Documents for Section 3.3.2 

The full subset of matching meteorologically similar days to August 19, 20, and 21, 2020 included 
August 31, 2018, July 7, 2017, and June 23, 2015, respectively. Though none of these three dates is 
formally identified as a date with wildfire influence, examination of NOAA’s HMS Smoke Product 
indicates that wildfire smoke was likely present in Clark County on these dates. Figures E-1 through 
E-3 show the HMS Smoke and Fire products on each date. The HMS Smoke Product on August 31, 
2018, (Figure E-1) shows Clark County surrounded by smoke plumes to the north, west, and south. 
HYSPLIT back-trajectories ending at 18:00 UTC on August 31, 2018, show that transport paths 
towards Clark County intersected smoke plumes from more than one source at the 500 and 1,000 m 
levels. The HMS Smoke product on July 7, 2017, (Figure E-2) shows a smoke plume within the eastern 
boundary of Clark County. Further, HYSPLIT back-trajectories ending at 18:00 UTC on July 7, 2017, 
show transport across a different smoke plume in southern California towards Clark County. Lastly, 
on June 23, 2015, (Figure E-3), wildfire smoke is widely present in the southwestern region of the 
United States, resulting from fires in California and Arizona. HYPLIT back-trajectories overlaid in this 
figure ending at 18:00 UTC on June 23, 2015, show transport across a smoke plume toward Clark 
County at 50 m and 1,000 m. Due to this evidence that wildfire smoke may have influenced ozone 
concentrations in Clark County on August 31, 2018, July 7, 2017, and June 23, 2015, these 
meteorologically similar days have been omitted from the similar days analysis for August 19, 20, and 
21, 2020, respectively. 

 
Figure E-1. HMS Smoke and Fire Products on August 31, 2018. Active fires are marked by red 
triangles, and smoke extent is shaded in gray. 50 m (green), 500 m (blue) and 1,000 m (red) 
HYSPLIT back-trajectories ending on August 31, 2018, at 18:00 UTC are overlaid. HYSPLIT 
trajectories use 40-km NAM meteorology. 
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Figure E-2. HMS Smoke and Fire Products on July 7, 2017. Active fires are marked by red 
triangles, and smoke extent is shaded in gray. 50 m (green), 500 m (blue) and 1,000 m (red) 
HYSPLIT back-trajectories ending on July 7, 2017, at 18:00 UTC are overlaid. HYSPLIT 
trajectories use 40-km NAM meteorology. 

 
Figure E-3. HMS Smoke and Fire Products on June 23, 2015. Active fires are marked by red 
triangles, and smoke extent is shaded in gray. 50 m (green), 500 m (blue) and 1,000 m (red) 
HYSPLIT back-trajectories ending on June 23, 2015, at 18:00 UTC are overlaid. HYSPLIT 
trajectories use 40-km NAM meteorology. 

Identification of matching meteorologically similar days includes a comparison of meteorology maps 
between each of August 18, 19, 20, and 21, 2020, and each date subset from candidate matching 
days. Surface and upper-level maps for August 18, 19, 20, and 21, and all meteorologically similar 
dates listed in Tables 3-18 through 3-21 (see Section 3.3.2), show highly consistent conditions. All 
dates show a surface low pressure system over Clark County, and most also show a surface high to 
the east. Surface maps for August 18, 2020, and each date in Table 3-18 are shown in Figures E-4 
through E-10. Surface maps for August 19, 2020, and each date in Table 3-19 are shown in 
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Figures E-18 through E-29. Surface maps for August 20, 2020, and each date in Table 3-20 are shown 
in Figures E-42 through E-60. Surface maps for August 21, 2020, and each date in Table 3-21 are 
shown in Figures E-80 through E-93.  

Upper-level maps show low-gradient high pressure at 500 mb over Clark County. 500 mb maps for 
August 18, 2020, and each date in Table 3-18 are shown in Figure E-11 through E-17. 500 mb maps 
for August 19, 2020, and each date in Table 3-19 are shown in Figure E-30 through E-41. 500 mb 
maps for August 20, 2020, and each date in Table 3-20 are shown in Figure E-61 through E-79. 500 
mb maps for August 21, 2020, and each date in Table 3-21 are shown in Figure E-94 through E-107. 

 

 

Figure E-4. Surface meteorology map on August 18, 2020 (event date). 
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Figure E-5. Surface meteorology map on August 29, 2017. 

 

Figure E-6. Surface meteorology map on August 1, 2018. 
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Figure E-7. Surface meteorology map on September 1, 2019. 

 

Figure E-8. Surface meteorology map on September 3, 2019. 
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Figure E-9. Surface meteorology map on September 4, 2019. 

 

Figure E-10. Surface meteorology map on August 16, 2020. 
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Figure E-11. 500 mb meteorology map on August 18, 2020 (the event date). 

 

Figure E-12. 500 mb meteorology map on August 29, 2017. 
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Figure E-13. 500 mb meteorology map on August 1, 2018. 

 

Figure E-14. 500 mb meteorology map on September 1, 2019. 
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Figure E-15. 500 mb meteorology map on September 3, 2019. 

 

Figure E-16. 500 mb meteorology map on September 4, 2019. 
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Figure E-17. 500 mb meteorology map on August 16, 2020. 

 

Figure E-18. Surface meteorology map on August 19, 2020 (event date). 
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Figure E-19. Surface meteorology map on July 6, 2017. 

 

Figure E-20. Surface meteorology map on July 10, 2017. 
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Figure E-21. Surface meteorology map on August 29, 2017. 

 

 

Figure E-22. Surface meteorology map on June 4, 2018. 
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Figure E-23. Surface meteorology map on July 13, 2019. 

 

Figure E-24. Surface meteorology map on July 26, 2019. 
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Figure E-25. Surface meteorology map on August 4, 2019. 

 

Figure E-26. Surface meteorology map on September 5, 2019. 
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Figure E-27. Surface meteorology map on July 11, 2020. 

 

Figure E-28. Surface meteorology map on July 12, 2020. 
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Figure E-29. Surface meteorology map on August 16, 2020. 

 

Figure E-30. 500 mb meteorology map on August 19, 2020 (event date). 
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Figure E-31. 500 mb meteorology map on July 6, 2017. 

 

Figure E-32. 500 mb meteorology map on July 10, 2017. 
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Figure E-33. 500 mb meteorology map on August 29, 2017. 

 

 

Figure E-34. 500 mb meteorology map on June 4, 2018. 
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Figure E-35. 500 mb meteorology map on July 13, 2019. 

 

Figure E-36. 500 mb meteorology map on July 26, 2019. 



● ● ●    Appendix E 
 

● ● ●    E.20 

 

Figure E-37. 500 mb meteorology map on August 4, 2019. 

 

Figure E-38. 500 mb meteorology map on September 5, 2019. 
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Figure E-39. 500 mb meteorology map on July 11, 2020. 

 

Figure E-40. 500 mb meteorology map on July 12, 2020. 
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Figure E-41. 500 mb meteorology map on August 16, 2020. 

 

Figure E-42. Surface meteorology map on August 20, 2020 (event date). 
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Figure E-43. Surface meteorology map on July 24, 2014. 

 

Figure E-44. Surface meteorology map on June 23, 2015. 
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Figure E-45. Surface meteorology map on June 29, 2015. 

 

Figure E-46. Surface meteorology map on June 16, 2017. 
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Figure E-47. Surface meteorology map on July 1, 2017. 

 

Figure E-48. Surface meteorology map on June 4, 2018. 
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Figure E-49. Surface meteorology map on August 5, 2018. 

 

 

Figure E-50. Surface meteorology map on September 8, 2018. 
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Figure E-51. Surface meteorology map on July 13, 2019. 

 

Figure E-52. Surface meteorology map on August 2, 2019. 
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Figure E-53. Surface meteorology map on August 5, 2019. 

 

 

Figure E-54. Surface meteorology map on August 15, 2019. 
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Figure E-55. Surface meteorology map on August 16, 2019. 

 

Figure E-56. Surface meteorology map on September 7, 2019. 
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Figure E-57. Surface meteorology map on July 5, 2020. 

 

Figure E-58. Surface meteorology map on July 6, 2020. 
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Figure E-59. Surface meteorology map on July 11, 2020. 

 

Figure E-60. Surface meteorology map on July 12, 2020. 
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Figure E-61. 500 mb meteorology map on August 20, 2020 (event date). 

 

Figure E-62. 500 mb meteorology map on July 24, 2014. 
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Figure E-63. 500 mb meteorology map on June 23, 2015. 

 

Figure E-64. 500 mb meteorology map on June 29, 2015. 
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Figure E-65. 500 mb meteorology map on June 16, 2017. 

 

Figure E-66. 500 mb meteorology map on July 1, 2017. 
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Figure E-67. 500 mb meteorology map on June 4, 2018. 

 

Figure E-68. 500 mb meteorology map on August 5, 2018. 
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Figure E-69. 500 mb meteorology map on September 8, 2018. 

 

Figure E-70. 500 mb meteorology map on July 13, 2019. 
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Figure E-71. 500 mb meteorology map on August 2, 2019. 

 

Figure E-72. 500 mb meteorology map on August 5, 2019. 
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Figure E-73. 500 mb meteorology map on August 15, 2019. 

 

Figure E-74. 500 mb meteorology map on August 16, 2019. 
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Figure E-75. 500 mb meteorology map on September 7, 2019. 

 

Figure E-76. 500 mb meteorology map on July 5, 2020. 
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Figure E-77. 500 mb meteorology map on July 6, 2020. 

 

Figure E-78. 500 mb meteorology map on July 11, 2020. 
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Figure E-79. 500 mb meteorology map on July 12, 2020. 

 

 

Figure E-80. Surface meteorology map on August 21, 2020 (event date). 
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Figure E-81. Surface meteorology map on August 15, 2015. 

 

Figure E-82. Surface meteorology map on July 1, 2017. 
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Figure E-83. Surface meteorology map on July 29, 2017. 

 

Figure E-84. Surface meteorology map on June 13, 2018. 
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Figure E-85. Surface meteorology map on July 7, 2018. 

 

 

Figure E-86. Surface meteorology map on July 28, 2018. 
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Figure E-87. Surface meteorology map on July 29, 2018. 

 

 

Figure E-88. Surface meteorology map on August 15, 2018. 
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Figure E-89. Surface meteorology map on July 12, 2019. 

 

Figure E-90. Surface meteorology map on July 30, 2019. 
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Figure E-91. Surface meteorology map on August 1, 2019. 

 

Figure E-92. Surface meteorology map on August 13, 2019. 



● ● ●    Appendix E 
 

● ● ●    E.48 

 

Figure E-93. Surface meteorology map on September 1, 2019. 

 

 

 

Figure E-94. 500 mb meteorology map on August 21, 2020 (event date). 
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Figure E-95. 500 mb meteorology map on August 15, 2015. 

 

Figure E-96. 500 mb meteorology map on July 1, 2017. 
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Figure E-97. 500 mb meteorology map on July 29, 2017. 

 

Figure E-98. 500 mb meteorology map on June 13, 2018. 
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Figure E-99. 500 mb meteorology map on July 7, 2018. 

 

 

Figure E-100. 500 mb meteorology map on July 28, 2018. 
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Figure E-101. 500 mb meteorology map on July 29, 2018. 

 

 

Figure E-102. 500 mb meteorology map on August 15, 2018. 



● ● ●    Appendix E 
 

● ● ●    E.53 

 

Figure E-103. 500 mb meteorology map on July 12, 2019. 

 

Figure E-104. 500 mb meteorology map on July 30, 2019. 
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Figure E-105. 500 mb meteorology map on August 1, 2019. 

 

Figure E-106. 500 mb meteorology map on August 13, 2019. 
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Figure E-107. 500 mb meteorology map on September 1, 2019.
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 GAM Residual Histograms 
and Scatter Plots from Concurred 
Exceptional Event Demonstrations 

The following are GAM residual histograms and scatter plots from the concurred Arizona 
Department of Environmental Quality demonstration (Arizona Department of Environmental Quality 
2016) and the submitted Texas Commission on Environmental Quality demonstration (Texas 
Commission on Environmental Quality 2021) for comparison with our GAM residual analysis. The 
figures in this Appendix show the good residual results from concurred and currently submitted 
exceptional events demonstrations to which we compared our results. Based on this comparison, we 
suggest that our GAM results show a well-fit, unbiased model. A well-fit GAM model should show a 
normal distribution of residuals at all sites modeled (ADEQ example in Figure F-1) and show no 
pattern or bias between GAM residuals and predicted values (TCEQ example in Figure F-2). These 
figures compare well with our GAM results in Section 3.3.3 of the main report. 
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Figure F-1. Histograms of residuals results at each monitoring site from the Arizona DEQ GAM 
Analysis (Arizona Department of Environmental Quality 2016). 
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Change color to black

 
Figure F-2. Scatter plot of GAM residuals (observed – GAM predicted MDA8 ozone) vs. GAM 
predicted MDA8 ozone from the TCEQ submitted GAM analysis. Training data is shown in 
black and validation data is shown in red (Texas Commission on Environmental Quality 2021). 
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 Analysis of COVID 
Restrictions on Ozone 

Mobile emission sources decreased throughout the U.S. during the mobility restrictions for the 
COVID-19 pandemic beginning in mid-March 2020. Because decreases in nitrogen oxides (NOx) 
emissions from mobile sources could result in higher ozone concentrations, we evaluated the 
potential contribution and sensitivity of the COVID-19 shutdown effects on ozone concentrations 
and MDA8 ozone on exceptional event (EE) days. Ozone production has non-linear dependence on 
precursor emissions of NOx and volatile organic compounds (VOCs), as well as meteorological 
conditions. Changes in precursors also shift photochemical regimes. Thus, the effects of COVID-
induced NOx emission changes on ozone are complex and uncertain (Kroll et al., 2020). Recent 
studies have found variable ozone responses during lockdowns across countries, with responses 
ranging from −2 to +10% (Venter et al., 2020). Park et al., 2020 found spatially disparate effects of 
higher ozone concentrations downwind of Los Angeles and lower concentrations in the western LA 
basin. To evaluate the potential influence of COVID-19 shutdown precursor emission decreases or 
increases in MDA8 ozone, we compared ozone concentrations in May 2020 to the historical 
climatology, and compared the GAM residuals from May 2020 with those for the same historical 
record. 

Based on 2017 emission inventories in Las Vegas, on-road mobile sources comprise 40% of NOx 
emissions and total mobile (vehicle + aviation) emissions comprise 88% of total NOx emissions for 
typical ozone season weekday (SIP Plan Revision, Clark County 2015). In contrast, only 11% of VOC 
emissions originate from on-road mobile sources. The effects of decreased mobility due to COVID 
restrictions has a significant effect on total NOx emissions, but minimal effect on VOC emissions. To 
determine the time period for these effects, we compared 2020 daily traffic count data from the 
Nevada Department of Transportation with that from 2019 across 10 monitoring sites (two examples 
in Figure G-1). On-road traffic activity was significantly reduced from mid-March through early-June 
2020 in Clark County compared with 2019. Although aviation activity remained lower than pre-
pandemic levels for a longer duration of 2020, commercial aviation represents only 12% of NOx 
emissions in Clark County. Thus, the reduced aviation activity had a minimal influence on the 
precursors available for ozone formation from mid-June 2020 onwards. In this section, we focus on 
May 2020, the first month of 2020 with EE days.  
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Figure G-1. Time series of 2020 and 2019 traffic counts at two stations: (top) along US95, south of Las Vegas, and (bottom) at the Nevada-
California border, west of Las Vegas. Data were provided by the Nevada Department of Transportation. 

-

2,000

4,000

6,000

8,000

10,000

12,000

14,000
3/

1/
20

20

3/
3/

20
20

3/
5/

20
20

3/
7/

20
20

3/
9/

20
20

3/
11

/2
02

0

3/
13

/2
02

0

3/
15

/2
02

0

3/
17

/2
02

0

3/
19

/2
02

0

3/
21

/2
02

0

3/
23

/2
02

0

3/
25

/2
02

0

3/
27

/2
02

0

3/
29

/2
02

0

3/
31

/2
02

0

4/
2/

20
20

4/
4/

20
20

4/
6/

20
20

4/
8/

20
20

4/
10

/2
02

0

4/
12

/2
02

0

4/
14

/2
02

0

4/
16

/2
02

0

4/
18

/2
02

0

4/
20

/2
02

0

4/
22

/2
02

0

4/
24

/2
02

0

4/
26

/2
02

0

4/
28

/2
02

0

4/
30

/2
02

0

5/
2/

20
20

5/
4/

20
20

5/
6/

20
20

5/
8/

20
20

5/
10

/2
02

0

5/
12

/2
02

0

5/
14

/2
02

0

5/
16

/2
02

0

5/
18

/2
02

0

5/
20

/2
02

0

5/
22

/2
02

0

5/
24

/2
02

0

5/
26

/2
02

0

5/
28

/2
02

0

5/
30

/2
02

0

6/
1/

20
20

6/
3/

20
20

6/
5/

20
20

6/
7/

20
20

6/
9/

20
20

6/
11

/2
02

0

6/
13

/2
02

0

6/
15

/2
02

0

6/
17

/2
02

0

6/
19

/2
02

0

6/
21

/2
02

0

6/
23

/2
02

0

6/
25

/2
02

0

6/
27

/2
02

0

6/
29

/2
02

0

7/
1/

20
20

Tr
affi

c C
ou

nt

Date

Sta�on 0033130 US95, .7 mi N of SR164 (Nipton Rd)
2020/2019 Comparison

2020

2019

-

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

3/
1/

20
20

3/
3/

20
20

3/
5/

20
20

3/
7/

20
20

3/
9/

20
20

3/
11

/2
02

0

3/
13

/2
02

0

3/
15

/2
02

0

3/
17

/2
02

0

3/
19

/2
02

0

3/
21

/2
02

0

3/
23

/2
02

0

3/
25

/2
02

0

3/
27

/2
02

0

3/
29

/2
02

0

3/
31

/2
02

0

4/
2/

20
20

4/
4/

20
20

4/
6/

20
20

4/
8/

20
20

4/
10

/2
02

0

4/
12

/2
02

0

4/
14

/2
02

0

4/
16

/2
02

0

4/
18

/2
02

0

4/
20

/2
02

0

4/
22

/2
02

0

4/
24

/2
02

0

4/
26

/2
02

0

4/
28

/2
02

0

4/
30

/2
02

0

5/
2/

20
20

5/
4/

20
20

5/
6/

20
20

5/
8/

20
20

5/
10

/2
02

0

5/
12

/2
02

0

5/
14

/2
02

0

5/
16

/2
02

0

5/
18

/2
02

0

5/
20

/2
02

0

5/
22

/2
02

0

5/
24

/2
02

0

5/
26

/2
02

0

5/
28

/2
02

0

5/
30

/2
02

0

6/
1/

20
20

6/
3/

20
20

6/
5/

20
20

6/
7/

20
20

6/
9/

20
20

6/
11

/2
02

0

6/
13

/2
02

0

6/
15

/2
02

0

6/
17

/2
02

0

6/
19

/2
02

0

6/
21

/2
02

0

6/
23

/2
02

0

6/
25

/2
02

0

6/
27

/2
02

0

6/
29

/2
02

0

7/
1/

20
20

Tr
affi

c C
ou

nt

Date

Sta�on 0031110 NV/CA Border Stateline
2020/2019 Comparison

2020

2019



● ● ●    Appendix G 
 

● ● ●    G.3 

We performed two sub-analyses for the ozone comparison to historical climatology. First, we 
compared the distribution of daily MDA8 ozone during May 2020 with those during May in each of 
the previous 5 years. Across all EE sites, we found median 2020 MDA8 ozone was not statistically 
different than any of the previous 5 years illustrated by the overlap in the 95th confidence intervals 
of the monthly medians in previous years with that for 2020 (Figure G-2). Furthermore, monthly 
median MDA8 ozone during May 2020 was not particularly high (much less than 65 ppb) at all sites 
despite the exceptional event days. This indicates that the EE day exceedances were extreme 
episodes that did not affect the monthly median. Thus, the observations do not suggest a month-
long high ozone effect due to COVID emission precursor changes. Second, we compared the 
historical distribution of daily MDA8 ozone during May with the observations during May 2020 
(Figure G-3). Across all EE sites, MDA8 ozone on the exceedance days for a given site rank above the 
confidence interval of the historical daily median MDA8 ozone. Based on these sub-analyses, we 
conclude that although precursor NOx emissions decreased during May 2020 due to COVID 
restrictions, MDA8 ozone concentrations were not statistically higher than previous years. Therefore, 
the EE days cannot be attributed to a consistent COVID-shutdown influenced month-long increase in 
ozone concentrations. 

To evaluate the GAM model residuals during the COVID shutdown period, Figure 3-83 in Section 
3.3.3 provides a more in-depth look at results from April and May 2020, which are the most heavily 
affected months of the shutdown/COVID restrictions. The 95th confidence interval of the median 
GAM MDA8 residuals (shown by the notches in the box plots) overlap between 2020 and most other 
years, except for 2015 and 2016. The May 2020 median residual with EE days (1.5 ppb) is within the 
typical GAM model uncertainty (+/- [CI from Figure 3-77 from Section 3.3.3). This analysis shows that 
the median GAM residuals during May 2020 were within the typical GAM model error during the 
previous 5 years. 

In summary, although mobile source precursor emissions of NOx decreased during April and May 
2020 due to COVID shutdown restrictions, we did not observe statistically higher ozone 
concentrations, nor a higher residual in the GAM model, during May 2020. We find consistent 
evidence across analyses that the EE day ozone concentrations cannot be attributed to an increase in 
ozone concentrations associated with COVID shutdown periods. 
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Figure G-2. Annual May distributions of MDA8 ozone at sites with exceptional events during 
May 2020. Notches denote 95th confidence interval of the median, boxes are 25th, 50th and 75th 
percentiles, and whiskers are 5th and 95th percentiles.  
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Figure G-2 (Cont.). Annual May distributions of MDA8 ozone at sites with exceptional events 
during May 2020. Notches denote 95th confidence interval of the median, boxes are 25th, 50th 
and 75th percentiles, and whiskers are 5th and 95th percentiles. 
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Figure G-2 (Cont.). Annual May distributions of MDA8 ozone at sites with exceptional events 
during May 2020. Notches denote 95th confidence interval of the median, boxes are 25th, 50th 
and 75th percentiles, and whiskers are 5th and 95th percentiles.  
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Figure G-3. Daily time series of 2014-2019 MDA8 ozone distributions and 2020 MDA8 ozone 
at each site with exceptional events during May 2020. Notches denote 95th confidence interval 
of the median, boxes are 25th, 50th and 75th percentiles, and whiskers are 5th and 95th 
percentiles.  
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Figure G-3 (Cont.). Daily time series of 2014-2019 MDA8 ozone distributions and 2020 MDA8 
ozone at each site with exceptional events during May 2020. Notches denote 95th confidence 
interval of the median, boxes are 25th, 50th and 75th percentiles, and whiskers are 5th and 95th 
percentiles.  
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Figure G-3 (Cont.). Daily time series of 2014-2019 MDA8 ozone distributions and 2020 MDA8 
ozone at each site with exceptional events during May 2020. Notches denote 95th confidence 
interval of the median, boxes are 25th, 50th and 75th percentiles, and whiskers are 5th and 95th 
percentiles.  
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 Documentation of Public 
Comment Process 

This section provides documentation of the public comment process in support of Section 6 of this 
report.  

To be updated once the public comment period has concluded. 
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Appendix H. Documentation of the 
Public Comment Process  

August 18-21, 2020 Demonstration 
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Notice of Public Comment 
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DES Website Notices 
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Declaration of DES Website Posting  
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DES Facebook Posting 
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DES Twitter Posting 
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E-Notice 
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E-Notice Distribution List 
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Public Comment Report 

 
 
Public Notice: DES Website: September 2 through October 4, 2021 
  
Public Comment Period September 3 through October 4, 2021 
 
Formal Comments Received:  None  
 
DES Responses: None  
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