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Boulder A.l.LR. L.L.C; 2820 Lafayette Dr., Boulder, CO 80305, U.S.A.; dh.bouldair@gmail.com

November 24, 2021

To:

City of Longmont
350 Kimbark Street
Longmont, CO 80501

Attn: Dr. Jane Turner
Re: Longmont Regional Air Quality Study — Year 2021 Quarter 3 Report
Dear Dr. Turner,

Please find included with this letter the July — September (Quarter 3) 2021 report for our work on the
Longmont Air Quality Study. The monitoring data and data interpretations are presented.

Thank you for providing this opportunity for air quality monitoring to Longmont citizens and the City of
Longmont. We would be happy to discuss any questions that you, other City staff or Longmont citizens
may have.

Sincerely,

DM HQLZY

Detlev Helmig

Boulder AIR LLC
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Executive Summary

This report summarizes the data and preliminary findings from the Longmont Air Quality Study
during July through September of 2021. All variables were reported in near-real time on the
public Longmont Air Quality Now web portal.

This report includes graphical analyses of all data acquired at the Longmont Municipal Airport
(LMA) and Longmont Union Reservoir (LUR) during July - September, i.e. Quarter 3 (Q3), 2021.
In addition, data comparisons and analyses of selected events that resulted in enhanced
concentrations are presented. LMA and LUR data are compared with each other and also with
concurrent observations from the Boulder Reservoir (BRZ), and the Broomfield Soaring Eagle
Park (BSE) and Broomfield North Pecos (BNP) sites.

The ozone National Ambient Air Quality Standard (NAAQS) (8-hour average >70 ppb) was
exceeded on 24 days at LUR and on 25 days at LMA during Q3. The hot, dry weather that
occurred during July and August were conducive to enhanced ozone formation that resulted in
these multiple exceedances of the NAAQS.

There were two periods of exceedances of the PM 2.5 NAAQS this quarter, in early August
(August 15t and 2" and August 8t" and 9*) when the air quality was very poor along the Front
Range because of wildfire smoke.


https://www.bouldair.com/longmont.htm
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1. Project Scope and Goals

No changes from Q2, 2021 report.

2. Overview of the Monitoring Program

No major changes from Q2, 2021 report.

3. Air Quality Monitoring Study Updates

No changes from Q2, 2021 report.

A new password-protected diagnostics website was implemented for real-time display of instrument
operational data, for Boulder A.l.R. staff to identify and promptly address instrument and station
outages.

4. Data Quality Assurance/Quality Control Process

The Colorado Department of Public Health & Environment (CDPHE) conducted an audit of the nitrogen
oxides monitoring, PM analyzer, and the ozone analyzer at LUR on October 8. All systems passed the
audit and fall within the state regulatory guidelines. While the audit was conducted in Q4, we are
providing it here with the Q3 report for faster dissemination. The audit reports are included in
Supplements D. All monitoring passed the federal regulatory requirements. A more in depth discussion
of the audit results will be presented in the Q4 report.

5. Website Development

During Q3 there were 4862 visits to the Longmont Air Quality Now website.

6. Data Archiving
No changes from Q2, 2021 report.

7. Data for Quarter 3, 2021

The data that were recorded in Q3, 2021, are included in this report in graphical time series format in
Supplement A (LMA) and Supplement B (LUR). These graphs provide the records of the completeness of
the data coverage and general features in the dynamic, diurnal, and seasonal changes. Some of the data
(e.g. wind direction) are difficult to interpret when 3 months of data are included in the same plot. In
these instances, the primary objective is to show general trends and that the data are nearly continuous
— not to point out individual features. Data coverage for all variables is more than 95% for the full
quarter.
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In Supplement C, the variables that are measured at both sites are shown together in a set of time series
graphs. These graphs are presented to highlight similarities and differences between the two locations.

8. Selected Data Examples and Preliminary Interpretations

Ozone

The full Q3 ozone records for LMA and LUR are presented in Figures SA8 and SA9 for LMA and SB8 and
SB9 for LUR. Hot, dry, and smoky summer days all played a role in affecting air quality in Longmont. July
was the 9™ warmest on record and August was the 3™ warmest on record (NWS July and August
monthly climate summaries for Denver). The abundant sunshine and below normal precipitation
throughout the summer were conducive to the formation of ozone. Other meteorological factors were
at play throughout Q3:

e A Denver Cyclone formed on at least three days (7/12, 9/1, and 9/14). The Denver Cyclone
causes a convergence of winds north of Denver that can allow pollutants to accumulate due to
lack of horizontal transport out of the region. There were ozone exceedances at LMA and LUR
on one of these days (7/12).

e The hot, cloud-free days allowed for weak upslope (easterly) winds to form along the Front
Range throughout the summer, and these weak easterlies will transport pollutants toward the
foothills where they become trapped, another mechanism for allowing ozone to accumulate and
possibly reach 8-hr NAAQS exceedance values.

e FromJuly 21 - 28 (at least) a high-pressure dome dominated over the Four Corners region,
bringing stagnant conditions (i.e., light winds) to the Front Range, again allowing ozone and
other pollutants to accumulate. Many of these days were ozone exceedance days at LMA and
LUR.

e A nighttime gust front passed through the region after midnight on 7/10, mixing ozone and
particulate matter downward to the surface, leading to an increase in both. Ozone at LUR had
an extraordinary increase in ozone of ~35 ppb between midnight and 0200 MST, as the gust
front passed through. The increase was less dramatic at LUR since the ozone had not dropped as
low before the gust front, but there was an ~12 ppb increase in ozone with this gust front
passage.

e There were fewer thunderstorms to cleanse the air of pollutants.

At LUR, there were 24 days with exceedances of the 70 ppb NAAQS for 8-hour ozone, with 16 of those
occurring in July (an 8-hour average of 71 ppb or greater is used to assess the exceedances). There were
several multi-day streaks in ozone exceedances at LUR, including a 7-day streak from July 24" to July
30%™. LMA had 25 days that exceeded the 70 ppb NAAQS for 8-hour ozone, including a 5-day streak of
exceedances from July 24™ to July 28™. With the decreasing amount of daylight hours throughout the
quarter (see the solar radiation time series in Figure SA5), maximum 8-hour ozone decreased from late
July through late September.

Figure 1 presents a statistical analysis of the full Q3 ozone data, comparing the Longmont data with
observations from Boulder Reservoir (BRZ) and Broomfield Soaring Eagle Park (BSE). As seen in previous
quarters, slightly less ozone was measured at LUR than at the other stations. More NOx was measured at
LUR than at BRZ and BSE (Figure 14). The higher NOy levels at LUR cause more ozone depletion at night,
resulting in overall lower ozone at night and in the early morning at the LUR station. This lower ozone
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morning starting value can, under calm air circulation conditions, result in an overall delayed ozone
production at LUR and slightly lower ozone afternoon maximum values.

CO;

The full Q3 CO; records are available in Figures SA6 and SB6 for LMA and LUR, respectively. The
statistical comparison of the monitoring data is presented in Figure 2. Mean CO; decreased throughout
the quarter at LMA. More CO, was measured at LMA and LUR than at BSE. The wind speed/wind
direction analyses are shown in Figure 3. The results from the wind direction/speed analyses comparing
Q3 2021 to the previous three quarters (Figure 4) show that there is still a strong source of CO,to the
west of LMA.

Figure 5 and Table 1 provide comparisons of CO, data at LUR between Q3 2020 and Q3 2021. The
increase in CO; mean values between Q3 2020 and Q3 2021 was 4.4 ppm, larger than the global
increase in CO; between August 2020 and August 2021 of approximately 2.62 ppm. Over 130,000
individual 5-min annual data points were considered in the comparison. In 2021, CO, mean values and
all percentile values were larger than in 2020. As always, there could have been differences in
meteorology during these two years that drove the differences in observed concentrations of
atmospheric trace gases.

Methane

The full Q@3 methane records are available in Figures SA7 and SB7 for LMA and LUR, respectively. In the
statistical comparisons among the stations, LUR measured the most methane in each month of Q3
(Figure 6). Median and 95 percentile values of methane also continued to be greatest at LUR. LMA
methane measurements were closer to BSE and BRZ measurements. Wind rose and heat map analyses
are shown in Figure 7. Note the enhanced values of methane seen at higher wind speeds to the north-
northeast in the LMA methane heat map and to the north-northwest in the LUR heatmap. A detailed
analysis of wind speed and wind direction for these two stations indicated that each of these “hot spots”
occurred within minutes of each other on July 10", between 12:00 and 12:30 local time and were likely
from a source to the north of both stations. The peak at LMA occurred when the wind shifted from
north-northwest to the north-northeast. There is a similar signature in the CO; heat map plots (Figure 3)
and analysis indicates these CO; peaks were coincident with the methane peaks. This event is the same
one mentioned in the ozone section — there was a gust front passage that brought a change of airmass
and vertical mixing that caused an increase of ozone at the same time.

The Q3 2020 versus Q3 2021 comparison of methane at LMA is presented in Figure 8. Numerical results
of this analysis are included in Table 1. The increase in mean methane values of 18.9 ppb between Q3
2020 and Q3 2021 at LMA, when interpreted against the approximately 15 ppb increase in the global
methane background between July 2020 and July 2021, indicates a greater increase between quarters at
LMA than seen globally, although the difference was consistent with the Q2 difference of 18.8 ppb.
Mean values and all percentile values of methane increased from Q3 2020 to Q3 2021.

VOCs

The full Q3 LUR records for six selected VOCs are available in Figures SB10-SB16. Figure 9 presents a 16-
month record of ethane, benzene, and acetylene from March 2020 — September 2021. These graphs



Longmont Air Quality Study Q3 2021 Report
by Boulder A.I.R.

show declines in the oil and gas tracers ethane and benzene relative to March 2020. Excluding some
short-lived spikes in January and February 2021, observations of ethane and benzene have stayed low
compared to March 2020. Acetylene values peaked in the colder months and there was a large spike at
the end of Q3. This spike of 17.7 ppb occurred at ~1800 MDT, coincident with an abrupt wind shift from
northeasterly to northwesterly winds.

The statistical comparison of the VOCs is plotted in Figure 10. In Q3, LUR instrumentation did not
necessarily measure the most VOCs relative to the other stations, in contrast to previous quarters. LUR
measurements of ethane were the most among the stations for the quarter, however. For propane, it
depended upon the metric — more propane was measured at LUR as indicated by mean values, but BSE
measurements had higher median values of propane. The least amount of propane was measured at
BRZ. The BNP VOC analyses are skewed by large spikes that occurred in VOCs during the latter half of
September when new drilling began at a Broomfield drilling site to the northwest of the BNP station.
Figure 11 and Table 1 show the comparison of Q3 2020 statistics for ethane and benzene compared to
those of 2021. For ethane, the mean value, percentile values, and the maximum value were all less in
2021. The minimum value was greater than that of 2020 (Table 1). For benzene, the Q3 mean value was
equal to the Q2 mean value. The 95 percentile and max value were lower than in 2020.

Wind speed/wind direction dependence results of ethane, propane, acetylene, and benzene are shown
in Figure 12. Compared to Q2 2021 analyses, the heat map transport patterns are similar. In the case of
propane, the amounts detected were lower.

The analysis of VOCs signatures, using VOC/VOC ratio values, are shown in Figure 13.

Nitrogen Oxides (NO, NOy)

The Q3 LUR record for nitric oxide (NO) is available in Figure SB17, and the record for total nitrogen
oxides (NOy) in Figure SB18. The time series data do show less NO and NOy in July. LUR measurements
had much higher 95 percentile values for NO and NO, in August and September than the other
stations, in addition to higher mean values. Dependency of NO and NOy on wind direction and wind
speed is presented in Figure 15. In contrast to previous quarters, there were higher values of NO and
NOy detected at higher wind speeds to the northwest and the southeast.

Particulate Matter (PM)

PM10 and PM2.5 LUR Q3 monitoring results are presented in Figures SB19 and SB20. The 24-hour
averaged PM2.5 data are available in Figure SB21. There were two periods of exceedances of the PM
2.5 NAAQS this quarter, in early August (August 1t and 2" and August 8™ and 9") when the air quality
was very poor along the Front Range because of wildfire smoke. The statistical comparison of LUR data
with BSE data is presented in Figure 16. August had greater amounts of particulate matter than the
other two months because of the wildfire smoke in the region. Overall, measured PM2.5 values were
much higher in Q3 than in Q2, at both stations. For PM 10, the means and medians were greater in Q3
thanin Q2.

Elevated PM2.5 recordings were to a significant extent associated with the occurrence of wildfire
smoke, which then makes the PM2.5 measurements a good indicator or tracer of wildfire smoke
conditions. We utilized this dependency to conduct a preliminary investigation of the correlations
between hourly-averaged PM2.5 and hourly-averaged benzene, toluene, acetylene, and NOy, as well as
ozone, with the goal to better understand potential enhancements of these pollutants due to the

7



Longmont Air Quality Study Q3 2021 Report
by Boulder A.I.R.

wildfire smoke transport into the Front Range. Figure 17 shows these correlations in scatter-plot graphs.
The analysis was conducted for the August 1-9 window, when the area was most heavily impacted by
smoke with a resulting large reduction in visibility. Please recall that the PM2.5 NAAQS for 24-hour
averaged recordings is 35 pg m=,

Results of the orthogonal linear regression analysis (which minimizes errors both in the x and y
variables) show a clear positive correlation between benzene and PM2.5. 64% of the variance
(dependency) of benzene was associated with PM2.5, showing that the smoke was the main source of
benzene during this time window. Acetylene was more weakly correlated with PM2.5, with a 34%
association with the wildfire smoke. For toluene, only 29% of its concentration could be traced to the
smoke occurrence. NOxdid not appear to be correlated with PM 2.5 amounts.

For ozone, hourly averages of all of the Q3 data were considered, and data points were color coded by
time of day. Highest ozone values occurred during midday to late afternoon, plotted in the brownish
colors. These data show a wide scatter, with high ozone values occurring over a wide range of PM2.5.
However, the majority of dots representing ozone > 70 ppb occurred with PM2.5 values < 35 pg m3.
Under the cleanest conditions, with PM2.5 levels below 5 pg m=3, ozone levels were more moderate.
Most of the highest ozone levels were seen when PM 2.5 values were between 5-30 ug m, with just a
very few exceptions. At the very highest PM2.5 loading, ozone levels were again more moderate (< 70
ppb). For PM2.5 > 40 pg m3, all ozone recordings were below 60 ppb.

These results show that there was no clear correlation between the severity of wildfire smoke and
ozone. It actually appears that ozone production is suppressed during the most severe wildfire pollution
conditions, resulting in relatively moderate ozone concentrations when the smoke conditions are the
worst. Possible explanations for this behavior may be lower ozone production rates due to less available
solar irradiance from the light blocking by the smoke particulates and/or destruction of ozone on the
abundant aerosol particles.



Tables

Table 1:

Comparison of the statistics of CO; and methane data (5-min averages) at LMA and ethane and benzene at LUR during Q3 of
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2020 and Q3 of 2021. “Abs Diff” is the 2021 value minus the 2020 value.

Species stat 2020 2021 Abs Diff % Diff
CO: count 131745 131055 -690 0.00
(ppm) mean 427.7 432.1 4.4 1.0
std 20.2 23.8 3.7 18.2
min 393.6 391.1 -2.6 0.7
5% 407.2 409.0 1.8 0.4
25% 411.9 413.9 1.9 0.5
50% 421.7 423.9 2.1 0.5
75% 438.5 444.4 5.9 1.3
95% 468.4 479.3 11.0 2.3
max 587.3 644.6 57.4 9.8
CHq count 131745 131055 -690 0.00
(ppb) mean 2007 2026 19 0.9
std 69 69 0 0.6
min 1882 1905 23 1.2
5% 1913 1943 30 1.6
25% 1958 1980 22 1.1
50% 1998 2014 16 0.8
75% 2043 2057 15 0.7
95% 2130 2144 14 0.6
max 2714 2968 254 9.3
Ethane count 1825 2115 290 15.76
(ppb) mean 7.60 6.47 -1.13 0.16
std 8.22 4.60 -3.62 52.58
min 0.19 0.64 0.45 6.18
5% 1.75 1.72 -0.03 17.72
25% 3.64 3.49 -0.15 19.62
50% 6.11 5.43 -0.68 16.85
75% 9.60 8.08 -1.52 6.95
95% 17.08 14.58 -2.51 0.52
max 260.10 42.94 -217.16 68.71
Benzene count 1825 2115 290 15.89
(ppb) mean 0.13 0.13 0.00 1.67
std 0.13 0.10 -0.03 25.64
min 0.01 0.01 0.00 5.41
5% 0.03 0.04 0.01 35.51
25% 0.05 0.07 0.01 26.54
50% 0.09 0.10 0.01 16.30
75% 0.16 0.17 0.01 8.20
95% 0.36 0.31 -0.05 14.01
max 1.83 1.53 -0.30 16.37
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Figures
BSE, BRZ, LMA, & LUR Ozone Q3 2021
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Figure 1:

Comparison of the ozone distribution at BSE, BRZ, LMA, and LUR during July — September 2021. These box
whisker plots show the median value as the center line, the 25-75 percentile distribution as the colored boxes,
and the 5-percentile and 95-percentile values as the whiskers. The white dot on each box illustrates the mean
value at each site.

BSE, LUR, & LMA Carbon Dioxide Q3 2021
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= Il LUR
480
460
440
420

I LMA
Jul Aug Sep

Carbon Dioxide (ppm)

Figure 2:
Comparison of the CO2 distribution at LMA, LUR, and BSE during July — September 2021. See Figure 1 for
explanation of the box whisker plot format.
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LMA, CO, (ppb), Q3 2021
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Figure 3:

LMA CO, (ppb), Q3 2021
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Wind rose (left) and wind heat map analysis showing the dependency of CO2 mole fractions at LMA (top, A, B) and

LUR (bottom, C, D) during July — September 2021. The LUR site is east of the City of Longmont. These analyses
suggests that the city is the primary source for enhanced CO2 observed at LUR. These analyses also confirm the

previously noted presence of a yet-to-be-identified CO2 source to the west of LMA (see Figure 4).
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Figure 4:
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Comparison of the wind speed/wind direction to observed CO2 at LMA from Q4 2020 to Q3 of 2021. There is a
consistent pattern with a relatively strong source to the west of the station throughout the year.
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LMA CO2 Q3 Yearly Comparison
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Figure 5:

Comparison of the CO:> distribution at LMA during Q3 of 2020 and 2021. See Figure 1 for explanation of the box
whisker plot format. The mean, median, and highest percentile values were all larger in 2021 than in 2020 (see

Table 1 for the numerical values).

BSE, BRZ, LMA, & LUR Methane Q3 2021
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Figure 6:
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Comparison of the methane distribution at BSE, BRZ, LMA, and LUR during July — September 2021. See Figure 1
for explanation of the box whisker plot format. Between the two Longmont sites, LUR has higher absolute

values and variance.
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Figure 7:
Wind rose (left) and wind heat map analysis showing the dependency of CHs mole fractions at LMA (top, A, B)
and LUR (bottom, C, D) during July — September 2021.
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LMA Methane Q3 Yearly Comparison
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Figure 8:
Comparison of the methane distribution at LMA during Q3 of 2020 and 2021. See Figure 1 for explanation of the
box whisker plot format. The numerical values for the statistical distributions are presented in Table 1. The mean,

median, and percentile values were all larger in 2021 than in 2020.
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Figure 9:

Ethane (A, top), benzene (B, middle), and acetylene (C, bottom) at LUR between March 1, 2020 and September 30,
2021. Lower frequency and lower maximum values of concentration spikes during the summer are observed for
all three compounds. These summer minima are mostly caused by the stronger mixing (dilution) of surface air
from thermal convection. For acetylene, a compound that is mostly the result of combustion, similar peak
patterns are observed for the spring, fall, and winter months. The behavior of the oil and gas tracer ethane is quite
different. Here, occurrences of spikes were overall lower in the fall-winter, excluding the large spikes that
occurred in January — February 2021. A similar pattern was observed for benzene. These time series suggest that

there was a decline in the source strength for ethane and benzene from the earliest measurements, but this trend
appears to have leveled off.
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Figure 10:

Comparison of the distribution of ethane (A), propane (B), and benzene (C) at BRZ, BNP, BSE, and LUR during Q3.
See Figure 1 for explanation of the box whisker plot formats. LUR tended to have the highest 95" percentiles, with
the exception of benzene at BRZ in July and August.
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LUR Ethane Q3 Yearly Comparison
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Figure 11:

Comparison of the ethane distribution (top, A) and the benzene distribution (bottom, B) at LUR
during Q3 of 2020 and 2021. See Figure 1 for explanation of the box whisker plot format. The
numerical values for the statistical distributions are presented in Table 1. The mean and median
values were higher in 2021. 95" percentile values were smaller for benzene in 2021 than in 2020.
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Figure 12:
Comparison of ethane (A), propane (B), acetylene (C), and benzene (D) occurrences as a function of wind speed
and direction at LUR during Q3 2021.
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LUR Benzene/Toluene, Q3 2021 LUR Propane/Ethane, Q3 2021
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Figure 13:

Ratios of selected VOC pairs as a function of wind direction and wind speed during Q3. These analyses show
clear differences in the chemical signatures in air transported from different directions to the monitoring
station.
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Figure 14:

Comparison of nitric oxide (A) and nitrogen oxides (B) at BSE, BRZ, and LUR during July — September 2021. See
Figure 1 for explanation of the box whisker plot formats.
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Figure 15:

Dependence of nitric oxide (A, B) and nitrogen oxides (C, D) as a function of wind speed and direction at LUR
during July — September 2021. As seen in the prior data, the City of Longmont, located to the west, appears to be
the strongest upwind source for NOx.
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Figure 16:

Comparison of PM 2.5 (A) and PM 10 (B) at LUR and BSE during July - September 2021. See Figure 1 for
explanation of the box whisker plot formats. Wildfire smoke was pervasive along the Front Range during August.
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Scatter plots for benzene (A), acetylene (B), toluene (C) and NOx (D) vs. PM 2.5 at LUR for August 15t — 9t 2021,
when wildfire smoke was pervasive along the Front Range. The lines on the VOC plots indicate the orthogonal
linear regression (ODR) fit, which accounts for errors in both the x and y variables. For ozone (E), hourly-averaged
values for all of Q3 were plotted. The time series of PM 2.5 measured at LUR during this period is shown in (F) for

reference.
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Time Series Graphs of Preliminary LMA Data Q3, 2021.
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Figure SA1:

LMA temperature record Q3, 2021.
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Figure SA2:

LMA relative humidity record Q3, 2021.
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Figure SA3:
LMA wind speed record Q3, 2021.
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Figure SA4:
LMA wind direction record Q3, 2021.
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Figure SA5:
LMA solar radiation record Q3, 2021.
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Figure SA6:
LMA CO, record Q3, 2021.
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Figure SA7:
LMA methane record Q3, 2021.
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Figure SAS8:

LMA ozone record Q3, 2021.
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Supplement B

Time Series Graphs of Preliminary LUR Data Q3, 2021.
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LUR wind speed record Q3, 2021.
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LUR wind direction record Q3, 2021.
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Figure SB5:

LUR solar radiation record Q3, 2021.
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Figure SB6:
LUR CO, record Q3, 2021.
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Figure SB7:
LUR methane record Q3, 2021.
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Figure SBS:

LUR hourly ozone record Q3, 2021.
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Figure SB9:

LUR 8-hour averaged ozone record Q3, 2021.
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Figure SB10:

LUR ethane record Q3, 2021.
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Figure SB11:

LUR propane record Q3, 2021.
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Figure SB12:

LUR i-butane record Q3, 2021.
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Figure SB13:

LUR n-butane record Q3, 2021.
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Figure SB14:

LUR acetylene record Q3, 2021.
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Figure SB15:
LUR benzene record Q3, 2021.
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Figure SB16:
LUR toluene record Q3, 2021.
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Figure SB17:

LUR NO record Q3, 2021.
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Figure SB18:

LUR NOx record Q3, 2021.
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Figure SB19:
LUR PM 10 record Q3, 2021.
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Figure SB20:

LUR PM 2.5 record Q3, 2021.
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Figure SB21:

LUR PM 2.5 24-hour averages record Q3, 2021 Horizontal orange line indicates the NAAQS 24-hour limit for PM 2.5 of 35 pg/m?>.
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Supplement C

Time Series Graphs of Preliminary LMA & LUR combined Data Q3, 2021.
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Figure SC1:
LMA & LUR combined temperature record Q3, 2021.
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Figure SC2:

LMA & LUR combined relative humidity record Q3, 2021.



2021 Longmont Air Quality Study Q3 Report

16 — WS at LMA
— — WS at LUR
ks

=

g=]

S 10

(@)

Q

w

| -

(<

o

w

| -

(&

4

<3}

=

Jul 4 Jul 18 Aug 1 Aug 15 Aug 29 Sep 12 Sep 26
2021

Figure SC3:

LMA & LUR combined wind speed record Q3, 2021.
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Figure SC4:
LMA & LUR combined wind direction record Q3, 2021.
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Figure SC5:
LMA & LUR combined solar radiation record Q3, 2021.
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Figure SC6:
LMA & LUR combined CO, record Q3, 2021.
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Figure SC7:

LMA & LUR combined methane record Q3, 2021.
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Figure SC8:

LMA & LUR combined hourly ozone record Q3, 2021.
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Figure SC9:

LMA & LUR combined 8-hour ozone record Q3, 2021.
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Supplement D

CDPHE Audit of the LUR NO2 analyzer, PM analyzer, and the ozone analyzer
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