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Ozone evolution in both time and vertical distribution 

during Utah winter inversion events.

Ryan Lawton, Johnny Nikoloff, Michael Hess, Jeffrey Page, John E. Sohl

Dept. of Physics, Weber State University, Ogden, UT

A key goal of the Utah Winter Fine Particulate Study (UWFPS) 2017 was to study the evolution of 

particulates and ozone between night and day. Due to FAA regulations, we are not allowed to fly except 

from 30 minutes before sunrise until 30 minutes after sunset. We concentrated our measurements on 

sunrise while getting a few additional readings in the mid-afternoon and near sunset as well. 

During a PCAP event the ozone in a vertical air column 

comprised of the bottom quarter-to-third of the boundary layer is 

both altitude and time dependent. At sunrise during a PCAP 

event the ozone forms first at higher altitudes above ground then 

increases at ground level. Once the sun is higher in the sky the 

ozone becomes uniform with altitude. As the Sun sets there is no 

consistent pattern, sometimes the air is uniform, sometimes the 

ozone will dissipate faster at one altitude or another changing in 

minutes and with no clear pattern. As the inversion is ending and 

the air mixes out, the vertical distribution of ozone becomes 

unstable. Once the mix out is complete the vertical column again 

becomes reasonably uniform. The generally-inverse relationship 

between ozone and particulates holds true with altitude as well.

Introduction & Background

Conclusions

Lidar data were provided by Dr. Sebastian Hock, U. of Utah, Dept. 

of Atmospheric Sciences as part of the 2016 measurement 

campaign.
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Urban areas in mountain basins often suffer from pollution problems. This is 

especially true in winter when high pressure atmospheric ridging, calm 

winds, and snow on the ground can result in a persistent cold air pool 

(PCAP) forming in the basin. This results in what is commonly known as a 

winter inversion. The warm air aloft caps a pool of colder air in which fine 

particulates can form as a result of sunlight driven photochemistry acting on 

a mix of both natural and anthropogenic precursor compounds. 

Extensive studies have been done by the Utah Division of Air Quality and 

the University of Utahôs Department of Atmospheric Sciences among others. 

Most of those studies have involved a dynamic array of fixed ground 

stations located throughout the Salt Lake basin at different elevations and on 

buildings. 

This study involved an airborne set of sensors that were flown repeatedly in 

one location under Weber State Universityôs tethered balloon system. In 

2016 the flights were located in southern Salt Lake City. In 2017 the flights 

were done close to downtown Ogden. Over 120 flights were completed with 

multiple sensor systems including a standard ozonesonde, a six-channel 

particle counter, a custom designed ñAtmoSnifferò and automated cameras. 

This poster reports the ozone measurements and select other data from the 

sensor suite for comparison. These measurements are unique in that they 

provide a vertical column from ground level to 150 m (500 ft) above ground 

level (AGL) giving both a spatial and temporal set of measurements of the 

evolution of ozone before, during, and after a PCAP event. 

Lidar measurements by the University of Utah measured the cap of the 

inversions at about 400 to 600 meters AGL. Thus we were able to measure 

approximately the bottom quarter-to-third of the inversion layer.

The 2016 measurement campaign was a consortium involving WSU, U of 

U, USU, and UDAQ. The 2017 campaign was a much larger group lead by 

NOAA and including all of the above plus several other universities across 

the USA and Canada. 

The Measurement System

Figure 2.This is typical of ozone and 

particulates during the middle of the PCAP 

event. The lidar data at the top were taken at 

Hawthorne site 6.34 km north of the WSU 

aerostat operations. Notice that there is very 

little altitude dependence for the ozone. The 

numbers in the lower graphs are aerostat 

flight numbers. These correspond to the 

small inverted ñVò shapes superimposed on 

the lidar data. The ñVò plots show 0.5 Õm 

particulate counts vs. altitude and time.

Winter 2016, SLC
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Figure 1.The tethered 

balloon is known as an 

aerostat which has a wind 

stabilizing wing (orange).

The instruments are:

Blue box: AtmoSniffer 

which detects O3, NO2, 

NH3, SO2, CO, and 

PM2.5 in addition to 

temperature, pressure, 

%RH, and position. 

White box: Electro 

Chemical Cell 

ozonesonde/radiosonde.

Brown box: Six channel 

particle counter. 

We also flew an 

intervalometer camera for 

some flights. 

Figure 3.The PCAP was mixing out on Feb. 15, 2016. 

Notice the strong altitude dependence of ozone 

superimposed on the normal diurnal ozone pattern of 

growth and decay. Once the inversion had mixed out 

by about 20:30 UTC the ozone lost its altitude 

dependence. 

All 2016 data were taken after sunrise and show very 

little altitude dependence outside-of or during an 

inversion event. The strong altitude dependence only 

appeared during mix out. The initial build up of the 

inversion was slow enough that the air was stable. 
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Winter 2017, Ogden

Figure 6. Combining the ozone data with particle data from the 

six-channel particle collector, we were able to see that the ozone 

and small particulate matter regularly show an inverse relationship.  

The exact cause of this relationship is uncertain, and will have to 

be researched in greater detail
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February 16 Morning (7:30-9:17)
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Figure 4.We observed the typical diurnal cycle of ozone growth, but it was altitude dependent near 

sunrise and sunset. During the inversion (left) the higher altitude ozone levels increased more rapidly as 

the sun rose. After the inversion (right), the ozone levels in the atmosphere had altitude dependence but 

were more consistent. (In both plots the drops to zero are calibration tests of the ozonesonde.)
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Figure 5. This close up of one flight is an 

example of the inconsistent nature of the ozone 

mix-out in the evening.  In this particular 

measurement, we had a large ozone layer that 

was roughly 30 meters thick. The offset of the 

layer from altitude measurement is because of 

the response time of the ozonesonde.

Winter 2017, Ogden (cont.)

Figure 7.Ground-level data taken by the UDAQ Ogden station 

show a similar inverse nature of ozone vs. particulates as we see in 

the ñinstantaneousò (~10 minutes) data taken through a vertical 

column of the lowest 150 meters of the atmosphere. The aerostat 

flights were collocated with the ñOgden #2ò UDAQ station so that 

the flight data can be compared with rigorously calibrated ground 

instrumentation. 


