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Background and Motivation
§ Tropospheric ozone, an effective greenhouse gas and 

air pollutant, acts as a respiratory irritant to humans 
and affects biological activity

§ The Denver, CO metropolitan area in the Northern 
Front Range of the Rocky Mountains is an ozone 
nonattainment area according to the EPA’s National 
Ambient Air Quality standards

Methods
§ CDPHE collected hourly measurements of ozone, wind speed, 

wind direction, and temperature from July through 
September 2017 at seven sites along an elevation gradient 
near the Denver metropolitan area. The transect extends 
from Golden, CO to Mines Peak (Figs. 3, 4). 

§ We used Microsoft Excel and IBM SPSS to compute statistics 
and visualize temporal and regional ozone level trends. 

Results and Discussion
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§ We used ArcGIS Pro to create maps of ozone 
precursor point sources and spatial patterns in 
ozone across the vertical gradient. 

§ Pollutants like ozone trapped within the atmospheric 
boundary layer can create unhealthy air quality.

§ The objective of this work is to identify the height to 
which the Denver plume extends in summertime, and 
the meteorological factors that govern this.

1.  The highest mean summer ozone level is at the midpoint 
of the vertical gradient. The highest average ozone levels 
(~54ppb) occur at Black Hawk and Centennial (Fig. 5)

2. Mines Peak, at the highest elevation (3683m), has the least 
fluctuating diurnal change while the rest of the sites have 
similar amplitude of diurnal fluctuations. St. Mary and Jim 
Creek have the fastest increase rate in the morning (Fig. 7).

4.  The four lowest elevation sites show typical daytime upslope and 
nighttime downslope mountain wind patterns related to surface heating. 

Figure 5 (upper left): The frequency of ozone levels at the seven sites. 
Mines has the smallest data distribution around the mean while Jim 
Creek and St. Mary has the largest.

Figure 6 (lower left): The 3D visualization at 4:57-5:57 PM on August 27, 
2019 of ozone concentrations over the seven sites. The cylinder size 
represents the ozone level at each site.
Figure 7 (above): The summer diurnal patterns of ozone concentrations 
at the seven sites. 

Figure 9: Wind roses at 
Black Hawk, Centennial 
and St. Mary. A dominant 
upslope wind from Denver 
happens during daytime 
and downslope wind 
happens at night up to the 
elevation of Black Hawk. 
Above that (e.g. St. Mary), 
the wind patterns shift.

Figure 8: Linear regression 
of mean ozone levels vs. 
elevation at the four 
lowest sites.
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Figure 1 (left): Fifteen-year 
trend in ozone NAAQS values 
(4th highest maximum 8-hour 
value) (top) and annual mean 
eight-hour concentrations 
(bottom) in Jefferson County 
(CDPHE, 2018). 

Figure 2 (right): The smog 
plume over the city of Denver.

Figure 3 (above): The elevation of the seven measuring sites along the vertical transect
Figure 4 (right): Point source emissions of NOx and VOC around the Denver M etropolitan 
Area due to extreme oil and gas development.

y=32+8.72E-3*x
R^2=0.998

O
zo

ne
 m

ix
in

g 
ra

tio
 (p

pb
)

Elevation (m)
1800        2000          2200           2400          2600           2800

48
   

   
   

  5
0 

   
   

   
  5

2 
   

   
   

   
54

R squared 
Linear = 0.998

3.  Mean ozone increases linearly with elevation (0.8 ppb per 100 m) 
for the four lowest elevation sites (Fig. 8). This rate of increase is 
steeper than observed similar datasets from Colorado 
Springs(1.1ppb/100m) and Boulder(1.2-1.4ppb/100m)..
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