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Regional Air Quality
Overview and Introduction

o Why Air Quality? Why NOAA?

» The Air Quality Research Challenge
e Our Air Quality Research Strategy

o Our Capabilities and Platforms

o Our Approach and Findings
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Why Air Quality?
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A Serious National Problem

» Principal Pollutants: O; and PM.

» More than half the U.S. population lives in
areas that do not meet the health-based air
quality standards.

»> Tens of thousands of deaths each year are

are attributed to exposure to poor air quality.

» Estimated health costs are $14 - $55 billion
annually

> Reduced crop yields cost an additional $3-$5
billion of losses each year.
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Why NOAA?

» High quality policy relevant research is critically needed now.
» Our research builds on NOAA'’s unique scientific competence and resources.

» An “Independent Broker” of scientific information.

Managed «<—NOAA— Management

Understanding Air Quality in the US: A Challenge




» Chemically and Meteorologically Diverse
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O, and PM

O; & PM Precursor Sources
[ Biogenic emissions (forests)
M Cities

@ Point Sources (power plants)

» Chemically and Meteorologically Diverse
A OIVEU AR WA T [ LRSIV o)Al | > Air Quality Problems Not Only a Local Issue




ESRL Regional Air Quality Research

Strategy:

A series of regional field measurements supported by laboratory studies and
model analysis to help supply the Nation’s air quality information needs.

* Regional Selection Criteria

New England

» Severity of the AQ problem 1993. 2002. 2004

> Emission mix

Southeast
1995, 1999

» Meteorology / topography

» Effect of regional transport

e Schedule Ongoing Local Studies

~  East Texas

> Every two years (2004, 2006, 2008, 2010, etc.) & 2000, 2006

» Repeat as needed (verity results, check emission changes)

Capabilities Required to Undertake Regional Research




@ ESRL: Scientific Competence and Resources
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Keys to Success
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Field Studies Laboratory Studies

» Comprehensive set of chemical _ » Investigate individual
and met measurements. / processes.
» Deployed on several platforms. » Develop/evaluate instrument
capability.

Model Analysis and Evaluation
» Use models to evaluate emissions, assess process understanding.
» Use field and laboratory studies to help evaluate model capability.

NOAA'’s Platforms
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NOAA WP-3D Aircraft - urban and power plant plume studies,
emissions verification, regional and inter-regional transport, day/night
O,/PM chemistry, aerosol optics

NOAA R/V Ronald H. Brown - marine chemistry, marine emissions,
coastal emissions, chemistry in the land/bay/sea breeze recirculation,
aerosol - physics, - chemistry, - optics and satellite validation.
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NOAA LIDAR Aircraft - regional distribution of O, and PM,
urban and power plant plume studies, regional and inter-
regional transport, boundary layer evolution and variability.

In Addition: Wind profiler network, Instrumented tall tower, flux towers

ESRL’s Air Quality Research Approach and Findings
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f @ ESRL Chemistry: Approach &Finding

Emissions

v

Processes
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Model Development H Assessments
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic
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Processes
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Model Development H Assessments




op-Down Emission Studies

Tom Ryerson

* motivation

» methods, application,
and results

* conclusions and

future directions

@ NOAA Earth System Research Laboratory
\&/

ESRL Atmospheric Chemistry Review
January 29 - 31, Boulder, Colorado
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic

L/

Aerosol Properties and Radiative Effects
Aerosol formation and evolution

Gas Phase Chemical Transformation
Intra- & inter-regional transport, PBL/FT mixing

O; and PM, day and night

Transport and Mixing
Model Development Assessments




Secondary Organic Aerosol in Polluted Atmospheres:
Large Underestimates by Current Models

Joost de Gouw

U.S. Source of Organic Aerosol =6.0 Tg year’1

ORVOC SOA £\

terpenes SOA urban POA

isoprene SOA
biofuel POA biomass burning POA

Outline: Urban SOA is underestimated
Potential explanations
Future directions: organic acids
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic

L/

Aerosol Properties and Radiative Effects
Aerosol formation and evolution

Gas Phase Chemical Transformation
Intra- & inter-regional transport, PBL/FT mixing

O; and PM, day and night

Transport and Mixing
Model Development Assessments




Nighttime Tropospheric

Chemistry

Nocturnal Reactions of NO,, O,, VOC and Aerosol
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Steven S. Brown

NOAA Earth System Research Laboratory .

Atmospheric Chemistry Review
January 29-31, 2008, Boulder, CO
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic

L/

Aerosol Properties and Radiative Effects
Aerosol formation and evolution

Gas Phase Chemical Transformation
Intra- & inter-regional transport, PBL/FT mixing

O; and PM, day and night

Transport and Mixing
Model Development Assessments




Ozone Transport and Mixing Processes

Mike Hardesty
ESRL Chemical Sciences Division

Air Quality is not just chemistryl
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*Tighter standards — Increased local impact of transport

*Stagnant conditions — Smaller scale processes become important
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~ ESRL Chemistry: Approach &Findings
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic

Aerosol Properties and Radiative Effects
Aerosol formation and evolution

Gas Phase Chemical Transformation

O; and PM, day and night
Forecast Model Development

Transport and Mixing
Model development, analysis of data ASS@SS ments

Intra- & inter-regional transport, PBL/FT mixing
and diagnostic evaluation




Air Quality Research
at ES.!__F&L_

Modeling

Focus: Improved predictive capability for forecasting, research, and
regulatory needs.

» Model Development 2005 July WRF-Chem NO, Column

v WRF-Chem - online community model

= Analysis of data from field intensives
(FLEXPART, WRF-Chem)

« Air quality forecast models

v Diagnostic evaluation using data from
intensive field studies

v' Post processing (ensembles, bias correction,
efc.)

v'Chemical data assimilation (O,, PM)

Max= 71.85 (10'" molee. &m™}
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic

Aerosol Properties and Radiative Effects
Aerosol formation and evolution

Gas Phase Chemical Transformation
O; and PM, day and night

Transport and Mixing
Intra- & inter-regional transport, PBL/FT mixing

Reporting and Assessment
Timely publication of new scientific
results and assessments pertinent

to air quality management

Forecast Model Development
Model development, analysis of data
and diagnostic evaluation




Reports and Assessments

» Presentations and Seminars

»Fact Sheets

ICAR I I - International Consortium for Atmospheric Research on Transport a

Satellites Detect Cleaner Air Due to Power Plant

Are declining nitrogen oxide emissions from US fossil-fu
having a resulting impact on regional air quality?

- Ozaone is formed in the atmosphere by the interaction of
volatile organic compounds (VOCs), the oxides of
nitrogen (NO,). and sunlight.

ne largest US sources of human-made NO, emissions
are transportation and fossil-fueled power plants,

Aotor vehicle nitrogen oxide emissions have remained
relatively constant, as the impacts of automobile
pollution controls have been offset by increasing miles
driven, use of larger passenger vehicles, and more

by diesel trucks without pollution controls.
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Locations of fossil-fueled electric utility NO, point sources are
shown with black dets. The 50 largest emitters in the late 1880's,
before pellution centrol regulations went in to effect, are open
circles sized by nitrogen oxide source strength. States affected
by the 1998 EFA call for nitrogen oxide reductions are outlined in
red. The estimated summertime emissions of isoprene (a VOC
emitted by vegetation) are in gray-scale. Areas with both elevated
NO, and VOC are primed for ozone production.

What did we do during ICARTT?

= Retrievals of NO, {the main component of NO,) from
satellites scanning the entire globe every few days
gave nearly continuous views of large NO, sources,
including US power plants, since the mid-1980's.
Atmospheric NO; levels simulated by a computer
madel, which accounts for emissions before and after
implementation of the power plant pollution controls,
are compared with the satellite observations.
The model simulated the impact of power plant
emission reductions on surface ozone levels. and a horizontal

ICARTT Fact Sheet - Kim Page 1 of2

SICAL RESEARCH, VOL. 112, D10S:

Full
Article

Determination of urban velatile organic compound emission ]

and comparison with an emissions database
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»Peer Reviewed Publications
»Policy Relevant Assessments

Final Rapid Science Synthesis Report:
Findings from the
Second Texas Air Quality Study (TexAQS II)

A Report to the
Texas Commission on Environmental Quality

by the
TexAQS II Rapid Science Synthesis Team

Prepared by the
Southern Oxidants Study Office of the Director at
North Carolina State Unijversity

by
Ellis B. Cowling, Director of SOS
Cari Furiness, Research Associate
Basil Dimitriades, Adjunct Professor
and
David Parrish
Earth System Research Laboratory,
National Oceanic and Atmospheric Administration

In cooperation with Mark Estes of TCEQ and
47 other members of the Rapid Science Synthesis Team
I'CEQ Contract Number 582-4-65614

31 August 2007
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Emissions Evaluation
Power plant, petrochemical, urban, marine, biogenic

Aerosol Properties and Radiative Effects
Aerosol formation and evolution

Gas Phase Chemical Transformation

O; and PM, day and night

Transport and Mixing
Intra- & inter-regional transport, PBL/FT mixing

Reporting and Assessment
Timely publication of new scientific

results and assessments pertinent

Forecast Model Development
to air quality management

Model development, analysis of data
and diagnostic evaluation
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