
Better understanding airsheds through 
air monitoring data

2017 National Tribal Forum

Glenn Gehring, Technology Specialist III
Tribal Air Monitoring Support (TAMS) Center

glenn.gehring@nau.edu
541-612-0899

mailto:glenn.gehring@nau.edu


This presentation will discuss some basic ways of 
looking at data to better understand our airsheds

Assessing what to monitor for
 Basics of dispersion
ARL meteorological information
 Looking at possible sources for high concentrations
 Backward trajectories
 Forward dispersions and trajectories
 Pollution roses



What should I monitor for?

Ozone example



First, understand your pollutant

Ozone is produced by a photochemical reaction - an atmospheric chemical 
reaction in the presence of sunlight. 

Major precursors are reactive oxides of nitrogen (NO2 + NOy) and volatile 
organic compounds (VOC) – for example NO2 + VOC in sunlight yields ozone (O3) 

NOx or VOC rich environments



A very important chemical reaction:

NOx = NO + NO2

NO + O3 NO2 + O2

NO reacts with ozone decreasing ozone
NO2 (an ozone precursor) increases

NO2 + VOC + Sunlight yields ozone



Ozone, NOx, NO2 and NO data, Quapaw Nation
NOx = NO + NO2



The 5th and 6th is Saturday, Sunday
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NE Oklahoma Coal-Fired 
Power Plant NOx Emissions
Source:  EPA AirData (1999 EI)

26.5% of Oklahoma facility NOx emissions are from Muskogee, Mayes and Rogers Counties (1999)

22.9% of Oklahoma facility NOx emissions are from three NE Oklahoma coal-fired power plants (1999)
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What if you 

live here?

Old example from my Cherokee Nation days



Mixing Height & Ventilation Index

Wind

Mixing
Height

Average wind 
speed from 
ground to 
mixing height
(transport wind 
speed)

Ventilation Index is a measure of horizontal movement
Ventilation Index:
Product of the mixing depth and transport wind speed, a measure of the potential of the atmosphere 
to disperse airborne pollutants from a stationary source. Sometimes referred to as a Clearing Index.
Mixing Height:
The height to which a parcel of air, or a column of smoke, will rise, mix or disperse. A column of smoke 
will remain trapped below this height.
(Both from NWS Glossary)



NOAA Air Resources Laboratory (ARL)

Wind speed and 
direction at various 

elevations 

Soundings provide:
Isobars, Isotherms, Dry 
Adiabats, Saturation 
Adiabats, Saturation 
Mixing Ratio Lines, 
Temperature Curve, 
Dewpoint

Temperature 
Curve 

(Inversions have 
warmer air over 

cooler air)

Soundings



NOAA ARL Stability Forecast

Zi - Boundary layer depth 
(meters above model terrain)

10xKz - Vertical mixing coefficient 
times 10 (m2/s2)

A – Extremely Unstable
B – Moderately Unstable
C – Slightly Unstable
D – Neutral
E – Slightly Stable
F – Moderately Stable
G – Extremely Stable

10xKz includes an 

indication of upward 

push

Stability - a measure of vertical mixing

Stability: The degree of resistance of a layer of air to vertical motion. (NWS Glossary)



There are many meteorological model tools at the Air 
Resources Laboratory to help understand pollution data 
on a certain day

One tool for dispersion and trajectory modeling is 
HYSPLIT



Hybrid Single-Particle 
Lagrangian Integrated 

Trajectory model 

WHAT??



I think I’ll call it 

HYSPLIT

What??



Who Provides it?

• The Air Resources Laboratory (ARL) provides 
products related to atmospheric dispersion and air 
quality including the HYSPLIT model

• ARL was mandated by Congress shortly after WWII 
to address concerns about pollution transport 
(nuclear fallout was among the initial concerns)

• ARL is now within the National Oceanic and 
Atmospheric Administration (NOAA), which also 
houses the National Weather Service



Why Do We Use it?

• To forecast smoke impacts from prescribed 
burns, wildfires or other releases

• To assess what might be contributing to 
high pollutant concentrations observed on 
our monitors

• To assess transport patterns
• To assess day/night/seasonal differences
• To assess monitoring networks 
• And, more

But Mainly



Prescribed Burn

To Find Out Where is it Going



And Where it Came From

Backward
trajectory

High 
concentration

Suspect 
source

Do forward 
dispersion 

and trajectory



Area 8-hr Ozone on July 22, 2004 
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July 22, 2004, 24-hour Backward Trajectories
(NOAA Air Resource Laboratory HYSPLIT Model)
proportional NOx point source emissions – 2002 EI

Quapaw Site



GRDA Power Plant 48-hr dispersion
(NOAA Air Resource Laboratory HYSPLIT Model) 

Quapaw 

Site



Forward Trajectory from 3 Coal-Fired Power Plants on July 22, 2004

(endpoints that are less than 10 meters AGL)



Forward Trajectory from 3 Coal-Fired Power Plants on July 22, 2004

(endpoints that are less than 20 meters AGL)



How do we use it and where are the details?



See their website for training docs

http://www.arl.noaa.gov/ready/hysplit4.html



Trajectory models are very useful to 
help identify pollutant sources that 
transport to your location

Sources that are nearby are better 
identified with local wind data



First, a little about wind direction averaging

Met site

North

South

Winds 2:00pm to 2:30pm

Winds 2:30pm to 3:00pm
(slower wind speed)

Consider this. The datalogger is typically 
set to average winds every hour. If winds 
blow from the north for ½ hour and then 
shift to the south for the next ½ hour, what 
is the 1-hour average direction the winds 
came from during that hour?

(0 degrees + 180 degrees) ÷ 2 = 90 
degrees
(scalar averaging)

But, the winds never blew from the east! 

Looking at the wind speed differences we 
intuitively see that the net impact on the 
movement of pollutants would be 
movement toward the south since the 
wind speeds were higher from the north.
Vector averaging looks at both wind 
speed and direction. 

What is Sigma theta?

Met siteNet result 
after vector 
averaging



Be sure to get and setup met monitoring 
that will meet your needs, such as vector 
averaging (a math pack that logs data in a 
variety of ways)



http://www.weblakes.com/download/freeware.html

WRPLOT View Software

http://www.weblakes.com/download/freeware.html


Format your met data for input
Files will be saved in formats that can be used in other models



Work your data so it 
only has the wind data 
from your desired 
concentrations in the 
correct format. Make a 
Lakes Format text file. 
Then import to 
WRPLOT View

No Headers except 
LAKES FORMAT in 
cell A1.
Save as tab 
delimited text file

CTUIR Hermiston Monitoring Project
Making a NOx Pollution Wind Rose



Wind data from approximately the 
highest 10% recorded NOx
concentrations at the CTUIR 
monitoring project in Hermiston 
were imported  into WRPLOT View 
generating this pollution rose. 

Of these highest 10%, 
concentrations ranged from 25 to 
130 ppb with 14 hours at 100 ppb 
or higher and 146 hours at 50 ppb 
or higher. The mean was 40.3 ppb 
for these concentrations.

Notice the southerly winds. What 
“stuff” is in that direction that 
emits NOx?

Note: winds don’t typically go in straight lines for long distances – they 
curve around pressure systems and surface features. Wind roses aren’t 
typically useful to identify transport sources, but are very useful to identify 
problem sources near the monitor.

NOx Pollution Rose



Monitor



Railroad facility



Wal-Mart
Distribution
Center



This 
stuff



There are vast 
open areas 
south of 
Hermiston, but 
there are also 
agricultural 
sources south of 
the airport.

Note: Ammonia is used as a fertilizer and can impact NOx analyzers under 
certain circumstances. I looked at these data to see if the high 
concentrations centered around dates farmers typically fertilize. They 
didn’t. There are many methods used to help identify problem sources. 
Wind roses are only part of the whole process.


