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Working together for clean air

Air Quality 
and 

Meteorology

Developing 
New Understandings and Skills
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Introduction

ÂWho am I?

Mike Gilroy
30+ years in Meteorology/Oceanography
Puget Sound Clean Air Agency
Air Monitoring/Forecasting (12 years)
National Air Monitoring Strategy Committee
EPA /NACAA Monitoring committee
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Essential Tools and Skills

ČBasic understanding of the relationship meteorological 
patterns play on air quality

ČAccess to meteorological decision aid products

ČRepresentative pollution level data point

ČHealth based framework to describe air quality 
conditions (EPA’s AQI)

ČEstablish protocols and goals for calling curtailments 
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Our Wood Smoke Curtailment Program  

ČWinter time program

Based on :
ČForecast weather pattern 
ČPollution levels
ČWashington State RCW establishes criteria.

Key factors:
ČPM 2.5 monitoring levels
ČTime duration of stagnant pattern
ČNWS forecast discussion
ČAir Stagnation product from National
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Wood Smoke Curtailment- 2 Stage program

ČMeteorological Guidelines
ÂNWS agreement
Â Inversion and light winds
Â Expected to last 72Hours or longer

ČAir Quality Criteria
ČBased on PM 2.5µgm3
Č24 hour running average is 30µgm3 or higher
Â Stage one Burn Ban

Č24 hour running average is 60µgm3 or higher
Â Stage two Burn Ban
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Recent Stagnation-
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Recent Stagnation
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Introduction

ČToday is about us having a conversation regarding:

Â Air Quality and The Weather

Â Meteorology

Â New Tools 

Â New Skills

Č Today is for Questions!
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Meteorological Terms and Symbols

ČOnline References:

Â http://ww2010.atmos.uiuc.edu/(Gh)/guides/maps/home.rxml

Â http://ww2010.atmos.uiuc.edu/(Gh)/guides/crclm/act/home.rxml

Â http://weather.unisys.com/index.html

Â http://weather.unisys.com/nam/misc.html

ČFrom U of Wa 
Â http://www.atmos.washington.edu/mm5rt/descript/descript_main.html
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NW Products

http://www.atmos.washington.edu/mm5rt/

http://www.atmos.washington.edu/mm5rt/descript/descript_main.html

http://www.atmos.washington.edu/mm5rt/rt/gfsinit.12km.html

NWS
http://www.wrh.noaa.gov/wrh/nwspage.php

Oregon Products

http://www.airnow.gov/index.cfm?action=airnow.fcsummary&stateid=43

http://www.airnow.gov/index.cfm?action=airnow.showmap&pollutant=PM2.5&domain=nw&map=current_hour

http://www.deq.state.or.us/lab/aqm/RTsiteMap.htm
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Weather…Why is it Important?

ČAir Quality examples include:

ČTemperature
ČVisibility
ČFog
ČClouds
ČWind
ČPrecipitation
Č Season
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Weather…Why is it Important?

ČWhat is the language of Weather?

Â Look outside!  What is being said?

Raining, windy, snowing………..
Hot, Cold, Mild 

Don’t ignore the obvious. 
Study how things are changing.

Â Are my air pollution levels higher or lower today?
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Wind Barbs

Always
From the 
Direction

Northeast
at

15 knots
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Reading Wind Barbs
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Wind Barb Scales
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Temperature

ÂKnowing the vertical profile is critical
Determines Stability and Mixing

Â SKEW-T’s From the NOAA ARL site
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Temperature

ČReported in degrees:

Â Fahrenheit (F)
Â Celsius  or Centigrade (C)

Â Tools to convert:  http://205.156.54.206/er/box/calculate2.html
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Temperature Scales
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Temperature Considerations

ČNormal Lapse Rate

Â What does temperature do with elevation?

Â What is a Temperature Inversion?

Â What role does Temperature play in Air Quality
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Vertical Dispersion (cont.)

ČAmbient Lapse Rate: slope of actual temperature 
profile graph

ČDry Adiabatic Lapse Rate (DALR): slope for 
“parcel” of dry air rising and cooling adiabatically

Č-1 C / 100 m or -0.55 F / 100 ft
Â w/ moisture, more like -0.6 C / 100 m

ČStability: compare ambient lapse rate with DALR
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Inversions

Č Subsidence 

- Created by sinking air associated with ridges
- Can limit daytime mixing depth and plays important role in daytime pollutant 

concentrations

Č Nocturnal

Â Created by cooling ground at night
Â Are strongest when skies are clear, winds are light, nights are long. 
Â Trap emissions, released during the overnight hours, close to the ground

Č Advection

Â Created when warm air aloft moves over cooler air below
Â Can occur ahead of an approaching cold front
Â Can cause poor air quality, despite the lack of an aloft ridge
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Vertical Temperature structure
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Temp
Decreases

With elevation
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Temp
Increases

with elevation 
then decreases

Top 
of 

inversion
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Transport of Air Pollutants

ČHorizontal :

Â Wind speed

Â Wind direction

Â Diffusion

ČVertical :
Â Atmospheric stability

Â Turbulence

Â Diffusion
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Vertical Dispersion

ČDepends on the “stability” of the atmosphere:

Â Temperature profile

Â Ambient lapse rate

ČTemperature profile: how the temperature changes with 
height, or altitude
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Vertical Mixing

ČUNSTABLE atmosphere: good vertical mixing, good 
dispersion

ČSTABLE or INVERSION atmosphere: poor vertical 
mixing, poor dispersion
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RL = Residual Layer
CBL = Convective Boundary Layer
NBL = Nocturnal Boundary Layer
MBL = Marine Boundary Layer

= Surface-based vertical mixing
= Surface-based mixing depth

Pollutants mix into smaller volume resulting in high pollution levels

Diurnal  variability in Air Quality

Pollutants mix into large volume resulting in low pollution levels

Weak Inversion

Sunrise Sunset

H
ei

gh
t

Midnight Inland

Temperature Profiles

Inversion Breaks

NBL

Strong Inversion

Sunrise Sunset

H
ei

gh
t

Midnight Inland

Inversion Holds

Trapped AirTrapped Air
NBL NBL

NBL

Mixing occurs
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Top of 
Inversion

Temperature needed
to break inversion

Dry lapse rate

Will the Inversion break?

5C 15C

9 C
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Inversions- Will it Break?

Estimated 
mixing height

Forecasted 
max. temp.

Dry adiabat

2000 m

1000 m

1500 m

500 m

T

Forecasted 
max. temp.

Estimated 
mixing 
height?

Dry adiabat

2000 m

1000 m

1500 m

500 m

T

ČWhat time will the max temp occur?

ČHow long will the “lid Stay open?
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Decision Aids

ČTools that help you interpret likely conditions
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NWS Forecaster Discussion
FXUS66 KPDT 130502 AAA
AFDPDT

AREA FORECAST DISCUSSION
NATIONAL WEATHER SERVICE PENDLETON OR
902 PM PST TUE DEC 12 2006

.UPDATE...IMPRESSIVE PACIFIC STORM SYSTEM IS BEGINNING TO MOVE INTO 
THE AREA WITH MID LEVEL CLOUDS SPILLING ACROSS THE CASCADES. 
WIDESPREAD SHOWERS ARE SHOWING UP ON RADAR ON THE WEST SIDE OF THE 
CASCADES. EXPECT THIS TO MOVE INTO THE EAST SLOPES OF THE WASHINGTON 
AND OREGON CASCADES IN THE NEXT FEW HOURS AND SPREAD ACROSS THE REST 
OF THE AREA BY TOMORROW MORNING. TEMPERATURES CURRENTLY ARE WARM
ENOUGH TO KEEP SNOW LEVELS ABOVE 2000 FEET IN THE EAST SLOPES OF THE 
WASHINGTON CASCADES AND ABOVE 4500 FEET ELSEWHERE. WITH WARM AIR
ADVECTION BEGINNING TO OCCUR...SNOW LEVELS WILL RISE EVEN FURTHER 
EXCEPT NEAR THE CASCADE CREST. TEMPERATURES IN A FEW PLACES ARE 
BELOW FORECAST LOW TEMPERATURES BY A DEGREE OR TWO BUT THINK THE
MINIMUMS HAVE ALREADY BEEN REACHED. WARM SOUTHERN WINDS WITH THE
APPROACHING WARM FRONT WILL RAISE TEMPERATURES DURING THE REST OF 
TONIGHT. WATER VAPOR IMAGERY SHOWS IMPRESSIVE SUBSIDENCE BEHIND THE 
SYSTEM. EXPECT THAT WINDS WILL START PICKING UP LATER TONIGHT AND BE 
QUITE STRONG DURING THE DAY TOMORROW AS THE SUBSIDENCE MIXES 60 KT 
850 MB WINDS DOWN TO THE SURFACE. MODELS CONTINUE TO SUPPORT 
GENEROUS AMOUNTS OF PRECIPITATION TO THE CASCADES AS WELL. CURRENT 
WIND AND SNOW ADVISORIES LOOK WELL JUSTIFIED. 

LOOKING AHEAD...A CURSORY LOOK AT THE LATEST MODEL RUNS ARE SHOWING 
EVEN STRONGER WINDS IN THE COLUMBIA BASIN THURSDAY NIGHT THAN 
TOMORROW. THE NAM HAS SUSTAINED WINDS OF 30 MPH OR MORE FOR ALL OF 
THURSDAY EVENING AT PDT. GFS IS NOT AS STRONG WITH THE WIND...WHICH 
IS USUALLY THE CASE. IT IS TOO EARLY TO BE ISSUING A WATCH...BUT
ANTICIPATE THAT AT LEAST A WIND ADVISORY WILL BE NEEDED THURSDAY
NIGHT FOR THE COLUMBIA BASIN AND POSSIBLY OTHER AREAS. 

CURRENT FORECAST IS IN GOOD SHAPE. NO UPDATE ANTICIPATED AT THIS
TIME. PERRY 
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NWAIRQUEST

ČCollaboration with EPA Region Air agencies, U of Wa 
and WSU

ČU of Wa Environmental Prediction system
Â http://www.atmos.washington.edu/mm5rt/

ČWSU - Air Pact and Clearsky
Â http://www.airpact-3.wsu.edu/

ČOregon DEQ is a major contributor 

ČTailored products for the NW and specific locations. 
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U Of Washington Products
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PacNW MM5-GFS 12 km Forecast Meteograms
Initialization Time: 2006121300 UTC | 16:00 PST Tue 12 Dec 
Location: Pendleton,OR 45.7N,118.82W>Select a New Location or Domain<Domain: 12 kmloop all 12 km Meteograms Run-
independent link to this product (always shows latest available version)
Right: Forecast Hour 0 16:00 PST Tue 12 Dec 2006 Left: Forecast Hour 72 16:00 PST Fri 15 Dec 2006
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PacNW MM5-GFS 12 km Forecast Timeheights
Initialization Time: 2006121300 UTC | 16:00 PST Tue 12 Dec 2006
Location: Pendleton,OR 45.7N,118.82W>Select a New Location or Domain<Domain: 12 kmloop all 12 km Timeheights Run-
independent link to this product (always shows latest available version)

Right: Forecast Hour 0 16:00 PST Tue 12 Dec 2006 Left: Forecast Hour 72 16:00 PST Fri 15 Dec 2006
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Forecast Hour: 24 Location: Pendleton,OR 45.7N,118.82W
Forecast Time: 16:00 PST Wed 13 Dec 2006
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Winds, Clouds, Relative Humidity, and Precipitation -
Meteograms

http://www.emc.ncep.noaa.gov/mmb/nammeteograms
/>
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Winds, Clouds, Relative Humidity, and Precipitation -
Meteograms

http://www.emc.ncep.noaa.gov/mmb/nammeteograms
/>
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BV Ventilation
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Ventilation Forecast
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Mixing – Air Stagnation Maps

Very little 
ventilation

• Air stagnation map (wind speed*mixing height)
• Often referred to as the ventilation index

http://www.intellicast.com/Health/http://www.intellicast.com/Health/ (click on (click on ““RespiratoryRespiratory””))

Good 
mixing
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Working together for clean air

Appendix

Useful Weather and
Air Quality Links
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Working together for clean air

Darrington 
Air Monitoring

and Wood Stove 
Buyback Program  

2005
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Summary

ČAir Quality Conditions have been characterized

ČPotential for violating the NAAQS appears high

ČDarrington’s air quality is unique compared to the 
remainder our network

Č Number of Unhealthy Days is significantly  higher 
than other communities
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Will we violate the NAAQS?
PM 2.5

(Proximity to Exceeding the 24 Hour Standard)
Jan - Dec 2005

34 ug/m3
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Marysville Darrington

Federal Standard (65 ug/m3)

Note:
Darrington is approx 97% higher 
than Marysville.

Proposed New 
NAAQS

P u g e t  S ou n d
C l e a n  Ai r  Ag e n c y
p s c l e a n a i r . o r g

Air Quality Days-
The good and the bad news

Air Quality Index (AQI) Breakdown
Jan - Dec 2005
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Air Stagnation in Darrington
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Comparison to Marysville
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Annual Average
Annual Average
Jan - Dec 2005
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Unhealthy Air Quality in Darrington

ČPrimary contributing factors appear to be:

ÂCommunity burning practices

ÂMeteorological Conditions

Â Local Terrain
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Fixing the problem 

ČEngaging the community in designing the program

ČDeveloping Public and Local Official acceptance 

ČFunding

ČDeveloping the right suite of choices

ČP2

ÂPatience and Persistence


