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 Supporting Media 
Coverage for Section 3.1.4 
An image and link for media coverage of the August 7 exceptional event detailed in Section 3.1.4 of 
the main text is presented below in Figure A-1. 

 
Figure A-1. Article entitled “Hazy skies remain as Las Vegas high dips a few degrees” 
(https://www.reviewjournal.com/local/weather/hazy-skies-remain-as-las-vegas-high-dips-a-
few-degrees-2089316/). Article released by Las Vegas Review-Journal, a local Las Vegas news 
outlet, on August 6, 2020. 

https://www.reviewjournal.com/local/weather/hazy-skies-remain-as-las-vegas-high-dips-a-few-degrees-2089316/
https://www.reviewjournal.com/local/weather/hazy-skies-remain-as-las-vegas-high-dips-a-few-degrees-2089316/
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Figure A-1 (Cont). Article entitled “Hazy skies remain as Las Vegas high dips a few degrees” 
(https://www.reviewjournal.com/local/weather/hazy-skies-remain-as-las-vegas-high-dips-a-
few-degrees-2089316/). Article released by Las Vegas Review-Journal, a local Las Vegas news 
outlet, on August 6, 2020. 

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. These notifications also 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. Figure A-2 
provides the concentration and AQI values for all NAAQS pollutants in the Metropolitan/Non-
Metropolitan and Greater Las Vegas Metro Area on August 7, 2020. This information was publicly 
available during the August 7 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 on August 7 to 
the public here: https://aqportal.clarkcountynv.gov/DES_AQ_Forecast. Figure A-3 provides the public 
Air Quality Advisory/News Release for the 2020 ozone season. Additional media coverage and 
publicly available AirNow AQI maps for the August 7 potential exceptional event date are included in 
Sections 3.1.2 and 3.1.4 of the main report.  
 
 
 
 

https://www.reviewjournal.com/local/weather/hazy-skies-remain-as-las-vegas-high-dips-a-few-degrees-2089316/
https://www.reviewjournal.com/local/weather/hazy-skies-remain-as-las-vegas-high-dips-a-few-degrees-2089316/
https://aqportal.clarkcountynv.gov/DES_AQ_Forecast
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Figure A-2. Air quality Index values reported by the Clark County Department of Environment 
and Sustainability on August 7, 2020. 
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Figure A-3. 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-3 (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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 Supporting Figures and 
Documents for Section 3.2.3 

Excluding areas outside of the swath width from the AIRS instrument, the maps show smoke 
transport from the Apple Fire to the Clark County area between August 4 and 7 (Figure B-1). Areas of 
slightly enhanced CO originating from the Apple Fire that spread throughout southern California, 
southeastern Nevada, and western Arizona can be distinguished during the days leading up to 
August 7. By August 6, one day before the ozone exceedance, CO concentrations in the Clark County 
area were up to approximately 95 ppb at 500 hPa (Figure B-2). Unfortunately, CO concentrations on 
August 7 over Clark County are outside the swath width from the AIRS instrument; therefore, 
Figures B-1 and B-2 do not provide strong evidence for or against smoke impacts. 

We additionally examined OMI retrievals of tropospheric NO2 concentrations (Figure B-3). However, 
over areas of dense, visible smoke, and near actively burning fires (where significant smoke is present 
in the troposphere), the measurements show only a slight increase in measured NO2. Therefore, it 
was determined that NO2 does not provide strong evidence for or against smoke impacts in Clark 
County. 
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Figure B-1. MODIS Aqua AIRS CO retrievals for the three days before and during the EE on 
August 7, 2020. 
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Figure B-2. A zoomed-in view over Clark County and the Apple Fire of the Aqua AIRS CO 
retrieval during the EE on August 6, 2020. 
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Figure B-3. OMI Aura NO2 retrieval for the EE on August 7, 2020.
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 Supporting Figures 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 C-1 and C-2 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, or, in other words, an 
accompanying increase in the PM10/PM2.5 ratio. Contributions to PM2.5 concentrations that arise as a 
result of a dust event could confound the assertion that wildfire influence in Clark County can be 
identified by elevated or abnormal levels of PM2.5. As seen in the following figures, the abnormal 
spikes in PM2.5 concentrations midday and near midnight on August 6 leading up to the event date 
were not accompanied by a marked increase in the PM10/PM2.5 ratio at either site. At Walter Johnson, 
the PM10/PM2.5 ratio was below the diurnal average during these time periods of interest. At Joe 
Neal, the PM10/PM2.5 ratio was below average during the day on August 6, and increased modestly 
overnight. Additionally, over the course of August 7 (the event day), the PM10/PM2.5 ratios did not 
exceed the 95th percentile and oscillated around the median ratio for most of the mid-morning and 
afternoon. This demonstrates that a dust event did not significantly contribute to the abnormal PM2.5 
concentrations measured in Clark County on August 7, 2020, lending evidence to the assertion that 
these abnormalities were related to the presence of a wildfire at the surface. 
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Figure C-1. PM10/PM2.5 ratio (yellow) and PM2.5 (maroon) concentration at Walter Johnson 
during the August 7, 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 7, 2020.  

 
Figure C-2. PM10/PM2.5 ratio (yellow) and PM2.5 (maroon) concentration at Joe Neal during the 
August 7, 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 7, 2020.  
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 Supporting Figures and 
Documents for Section 3.3.1 

The Cloud-Aerosol Light Detection and Ranging (LIDAR) and Infrared Pathfinder Satellite Observation 
(CALIPSO) system is a remote sensing instrument mounted on the CloudSat satellite that provides 
vertical profile measurements of atmospheric aerosols and clouds. Detected aerosols are classified 
into marine, marine mixture, dust, dust mixture, clean/background, polluted continental, smoke, and 
volcanic aerosol types.  

The most relevant CALIPSO aerosol retrieval over Clark County for the August 7 ozone event is 
available at approximately 2:40 p.m. local time on August 7 (Figure D-1 and D-2). Unfortunately, the 
CALIPSO vertical profile does not capture information directly over Clark County or between Clark 
County and the Apple Fire during the event. Rather, the CALIPSO aerosol retrieval captures 
information upwind of the Apple Fire (Figures D-3 and D-4). Therefore, CALIPSO aerosol retrieval 
does not provide strong evidence for or against smoke impacts. 

 

Figure D-1. The CALIPSO retrieval path for August 7, 2020. This overpass was the closest to 
the Apple Fire and Clark County and the nearest in time. 
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Figure D-2. The CALIPSO retrieval path for August 7, 2020. This overpass was the closest to 
the Apple Fire and Clark County and the nearest in time. 
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Figure D-3. CALIPSO total column profile backscatter information for the August 7 overpass over the Apple Fire in southern California 
(approximate areas indicated by a red box). 

 
Figure D-4. CALIPSO total column profile aerosol subtype information for the August 7 overpass of the Apple Fire in southern California 
(approximate areas indicated by a red box).
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 Supporting Figures and 
Documents for Section 3.3.2 

The full subset of matching meteorologically similar days to August 7, 2020, included June 19, 2015. 
Table E-1 shows the local meteorological observations for the event date this meteorologically similar 
day. June 19, 2015, is not formally identified as a date with wildfire influence, but examination of 
NOAA’s HMS Smoke Product indicates that wildfire smoke was present in Clark County on this date. 
Figure E-1 shows the HMS Smoke and Fire products on June 19, 2015. Wildfire smoke is widely 
present in the southwestern region of the United States, including within the boundaries of Clark 
County. Additionally, HYPLIT back-trajectories overlaid in this figure ending at 18:00 UTC on June 19, 
2015, show transport from the center of the smoke plume toward Clark County at 50 m and 500 m. 
Due to this evidence that wildfire smoke may have influenced ozone concentrations in Clark County 
on June 19, 2015, this meteorologically similar day has been omitted from the similar days analysis 
for August 7, 2020.  
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Table E-1. Local meteorological conditions at the Jerome Mack monitoring site on the event date, August 7, 2020, and meteorologically 
similar date June 19, 2015. WJ, JN, and IS refer to monitoring sites Walter Johnson, Joe Neal, and Indian Springs respectively. MDA8 Ozone 
concentrations at each site are shown. 

  

Date 
Max 
Temp 
(°F) 

Avg 
Temp 
(°F) 

Resultant 
Wind 

Direction 
(°) 

Resultant 
Wind 
Speed 
(mph) 

Avg 
Wind 
Speed 
(mph) 

Avg 
RH 
(%) 

Precip 
(in) 

Total GHI 
(kWh/m2) 

Mixing 
Layer 

Mixing 
Ratio 
(g/kg) 

LCL 
(mb) 

CAPE 
(J/kg) 

500-1,000 
mb 

Thickness 
(m) 

MDA8 Ozone Concentration 
(ppb) 

WJ JN IS 

2020-08-07 103 91.62 132.87 2.11 3.15 8.54 0 8.2 3.93 546.35 0 5848 71 72 72 

2015-06-19 109 95.96 136.9 1.63 2.78 6.12 0 9 3.78 507.62 0 5935 73 70 67 
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Figure E-1. HMS Smoke and Fire Products on June 19, 2015. Active fires are marked by red 
triangles, and smoke extent is shaded in gray. 50 m (green), 500 m (blue) and 1000 m (red) 
HYSPLIT back-trajectories ending on June 19, 2015, at 18:00 UTC are overlaid. HYSPLIT 
trajectories use 40-km NAM meteorology. 

The subset of meteorologically similar days included in the similar day analysis in Section 3.3.2 
includes a date - June 8, 2018 - where ozone measurements in Clark County exceeded the 70-ppb 
standard. Figure E-2 below shows the 18:00 UTC HRRR smoke forecast on June 8, 2018, with smoke 
particles present in Clark County at the near-surface level. However, modelled HYSPLIT trajectories 
ending at 12:00 UTC do not show air intersecting any smoke plumes on June 8, 2018 (Figure E-3). Air 
comes from the Los Angeles basin, which is a reliable source of elevated ozone. In contrast, modelled 
HYSPLIT trajectories ending at 12:00 UTC on the event date show air arriving in Clark County from 
the same general direction, but further from the main urban center of Los Angeles (Figure E-3). 
Further, the overlaid HMS Smoke and Fire products in the plot of the conditions on August 7, 2020, 
shows air trajectories intersecting a smoke plume. It also shows the penetration of the smoke plume 
into the boundaries of Clark County. 
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Figure E-2. HRRR-SMOKE forecast for June 8, 2018, at 18:00 UTC. 

 
Figure E-3. 50 m (green), 500 m (blue) and 1000 m (green) HYSPLIT back-trajectories ending 
at 12:00 UTC on June 8, 2018, and August 7, 2020, calculated using NAM 40-km and NAM 12-
km meteorology respectively. HMS Smoke and Fire products are overlaid. Shaded grey areas 
represent the extent of smoke plumes on each date, and red triangles represent active fires. 

Identification of matching meteorologically similar days includes a comparison of meteorology maps 
between August 7, 2020, and each date subset from candidate matching days. Surface and upper-
level maps for August 7, 2020, and each date listed in Table 3-14 (see Section 3.3.2) show highly 
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consistent conditions. All dates show a surface low pressure system over Clark County. Surface maps 
for August 7, 2020, and each date in Table 3-14 are shown in Figure E-4 through E-20. Upper-level 
maps show a very low gradient of height contours at 500 mb and an upper-level region of high 
pressure over Clark County. 500 mb maps for August 7, 2020, and each date in Table 3-14 are shown 
in Figure E-21 through E-39. 

 

Figure E-4. Surface meteorology map on August 7, 2020 (the event date). 
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Figure E-5. Surface meteorology map on August 15, 2017. 

 

Figure E-6. Surface meteorology map on June 15, 2018. 
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Figure E-7. Surface meteorology map on August 25, 2018. 

 

Figure E-8. Surface meteorology map on August 26, 2018. 
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Figure E-9. Surface meteorology map on August 31, 2018. 

 

Figure E-10. Surface meteorology map on July 3, 2019. 



● ● ●    Appendix E 
 

● ● ●    E.7 

 

Figure E-11. Surface meteorology map on July 4, 2019. 

 

Figure E-12. Surface meteorology map on August 17, 2019. 
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Figure E-12. Surface meteorology map on June 2, 2020. 

 

Figure E-13. Surface meteorology map on June 21, 2020. 
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Figure E-14. Surface meteorology map on July 6, 2020. 

 

Figure E-15. Surface meteorology map on July 10, 2020. 
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Figure E-16. Surface meteorology map on August 4, 2020. 

 

Figure E-17. Surface meteorology map on August 5, 2020. 
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Figure E-18. Surface meteorology map on August 6, 2020. 

 

Figure E-19. Surface meteorology map on August 8, 2020. 
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Figure E-20. Surface meteorology map on August 9, 2020. 

 

Figure E-20. Surface meteorology map on September 25, 2020. 
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Figure E-21. 500 mb meteorology map on August 7, 2020 (the event date). 

 

Figure E-22. 500 mb meteorology map on August 15, 2017. 
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Figure E-23. 500 mb meteorology map on June 15, 2018. 

 

Figure E-24. 500 mb meteorology map on August 25, 2018. 
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Figure E-25. 500 mb meteorology map on August 26, 2018. 

 

Figure E-26. 500 mb meteorology map on August 31, 2018. 
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Figure E-27. 500 mb meteorology map on July 3, 2019. 

 

Figure E-28. 500 mb meteorology map on July 4, 2019. 
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Figure E-29. 500 mb meteorology map on August 17, 2019. 

 

Figure E-30. 500 mb meteorology map on June 2, 2020. 
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Figure E-31. 500 mb meteorology map on June 21, 2020. 

 

Figure E-32. 500 mb meteorology map on July 6, 2020. 
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Figure E-33. 500 mb meteorology map on July 10, 2020. 

 

Figure E-34. 500 mb meteorology map on August 4, 2020. 
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Figure E-35. 500 mb meteorology map on August 5, 2020. 

 

Figure E-36. 500 mb meteorology map on August 6, 2020. 
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Figure E-37. 500 mb meteorology map on August 8, 2020. 

 

Figure E-38. 500 mb meteorology map on August 9, 2020. 
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Figure E-39. 500 mb meteorology map on September 25, 2020. 

 



 

 

 

 



● ● ●    Appendix F 
 

● ● ●    F.1 

 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. 
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● ● ●    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 3-45 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 3-39 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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Appendix H. Documentation of the 
Public Comment Process  

August 7, 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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