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Air Quality is largely defined by the
ibundance of Aerosols and Ozone at Earth’s surface

All other sources

Industnalf
Commercial!
REasidenbal
~uel Combustion

Ukilities

100

Sources of VOC VOC (ppbC)

Ground-level ozone, a primary ingredient in smog, forms when volatile organics
(VOCs) and Nitrogen Oxides (NO,) react chemically in the presence of sunlight.
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Science of Air Quality

Emissions
Sources, presen both ouldogrs and indoars, include:
Wohicles, indusiry, ulilfies, consumes products, unpaved roads,
weildfires. ard wagetalicn
Emission rxles vary ower time ard space; (hey can be especially high
during off nomal opemting condilions [o.g., indusgriol process
mafuncton) or unusul natural ovants
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Physical Processing Chemical Processing

Diluticon ol pollulants imo thia local Chamical reactions in 1ha aimosphers cause:
almoapherne = Destnuclion of some pollutants (8.g., GO,

soma HAPs)

Teanapan of polulants uo bo 10008 = Famrnation ol secordany pollutants
al kilometors 1 g_ﬂ.r s PR COMponmTs)

+ Cycling Irom one chemical fom ba ancther

Almasphanc dopasiion 1o the Enth's _
sudaces including sails, planis, and Some species react rapldy (o lew minwtes),
bodins of waber alhars remain in tha air lor many monihs
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Pollutant Mix in ihe Atmosphara
Pegulated poliutants, induding:
Cuilena pollutans
= Sullur dioxide [S0L) & Paticufals Matier (FM: and PR, ;)
* Hitrogen dicade |NCL) « Carben Moragide (S0
= 0y and ils precursces MO, and VOCs * Load (Ph)

1B8 Hirmmdaous Air Pellutams [HAPs)
Subsinnces that coninbute o acid min induding S0 and MO,
Drsne-depheling specios, inchuding clorcfunacarbans |CFCs)

Cher gpecies not currently regquiaad {eg., melhars, ammenia, alber polenlial HAPg)

Modeling
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Human Exposura Ecosystem Exposure
Humang are expesad 10 air pollution
*  Cwidoors Almospheric dopasition af air polilutanis
* Indoars and in vehickes (3.9, O, acidfying compounds, and
= Foules other than air mercuryh 1o soil, plant, and wailer
Susrlaoes

Hoallh effects are coused by acute {shan-

Mhillimssoia iranster of podutans through
tormi} and chronikc (keng-tanm) exposunes

waler, soil, nnd food chains
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Visibility Health D:;illatl:zn
Impairment Effacts e

Inverse Modeling — Top
Down Constraints on
Emission Sources

Data Assimilation -
Constraints on vertical
distribution, loading and
composition

Model VVerification —
Characterize process
errors and uncertainties

Best Estimate of Spatial
Distribution of Loading
and Composition

Source: Air Quality
Management in the

United States, NRC 2004




Climate Change- Air Quality link

o Viost olbvIious link IS threugh aeresol

— Climate chiange IS being seen in boreal regions
tAroughi inereased frequency and emissions of bereal

forest fires— smoke aerosol, chemical constituents.

Source: ACIA Impacts of a Warming Arctic: Arctic Climate Impact
Assessment 2004.

— Climate change may: afiect the frequency and
iIntensity of photochemical pollution events in North

America- photochemically produced aerosol. Source:

Effects of future climate change on regional air pollution episodes in the
United States, Mickley et al., 2004.

— Increasing photochemical events also produce ozone,
a greenhouse gas.



An Integrated Picture of Aerosols in SE United States
July 20, 2004 a variety of measurements show the evolution of the
largest aerosol pollution event during Summer 2004

Date: 2004/067/720
Hour: 18

A 4 N -

NASA'’s DC-8 LIDAR and In-situ Aerosol Measurements during the ICARTT field campaign
with NASA MODIS AOD and EPA AIRNow ground based measurements..



MODIS Aerosol Optical Depth (AOD) measurements




TThe Summer of 2004: Baltimore Old
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MODIS Aerosol Optical Depth




Vertical (0-7 km)

Smoeke mixing with sulfiate aeresol
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aerosol lidar measurements during three separate days




EPA PM2.5 Speciation July 20, 2004

1 2 3 4 5 6 7 8 9

Speciation results EPA Regions
courtesy J. Szykman,
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Vertical (0-7 km)

Vertical (O- 6 km)

Smoke mrxrng wrth sulfate aerosol
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24 hours of surface based aerosol Irdar measurements durrng three separate days
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Continuous modeled carbonaceous/total fine aerosol ratio during the period
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2-Day back trajectories initialized
Initialized below 1 km altitude at
UMBC, with MODIS AOD and
COT.

These results illustrate how back trajectories can be
be used to link surface based lidar measurements,
measurements, model predictions of aerosol
composition, and satellite observations of aerosol
loading to provide additional information for
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Satellite (MODIS) Aerosol Optical Depth
EPA surface monitor PM, .
DIAL aerosol backscatter ratio

Date:
Hour :

200841/67/260
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ASA LaRC Air Quality Applications:

- @H__'T.r* ré"it'i-cf).n_fr(‘).m Research to Operations

* IDEA, the first project conducted under NASA’s Air Quality
National Applications Program, creates a data fusion to support
EPA’s AirNOW next-day fine particle air quality forecasting.

& Terra

IDEA combines aerosol optical depth from
NASA’s MODIS, and EPA surface measurements
of PM, . with forward air parcel trajectories. IDEA
provides next-day aerosol forecast guidance, and
B supports analysis of aerosol pollution events.
http://idea.ssec.wisc.edu/index.php

A A
IDEA prototype Benchmark Transition to pre-operational EPA conducted IDEA analysis used in
visualization Report status at UW-NOAA-NASA forecaster training at US EPA'’s Clean Air
demonstrated  Nov. 2003 institute (CIMSS) national conference  Interstate Rule (CAIR)

Sept. 2003. IBPD 4ESA1.1 May 2004 Feb 2005. making May 2005.



|mpact of assimilated Satellite Ozone M easur ements on
CMAQ Air Quality
Assessment M odeling

Collaborators: EPA/ORD (Ken Schere and Alice
Gilliland) and the University of Houston (UH)
Institute for Multidimensional Air Quality Studies
(IMAQS) (Daewon Byun) using RAQMS global
chemical analyses (R.B. Pierce) as lateral boundary.
conditions for the EPA CMAQ model.
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CMAQ surface Ozone Vs AIRNow



Mean Ozone Differences (ppbv) in CMAQ with
and without time-varying globally assimilated
boundary conditions

Surface ozone difference Upper tropospheric ozone difference

(Moderate,but large in western states) (significant over most of US)

Analysis from Benchmark
Report, NASA LaRC



L essonsilearned:
Alr Quality Seience to) [Decision SUpPPort

“Seund science” Is valuediin puklic decision
making. Parntners loek tel NASA te “certify” the science.

Many: applications products are a sort of “level 4 preduct in NASA-
Speak, combining data from multiple imstruments and models, and
often including existing partner products.

Partners willluse NASA data, medels, and analysis when their
application Is developed “scientist-to-scientist”.

Prototyping IS Important- outside the NASA community, decision
makers find it difficult to imagine what can be done. Show them.

Near real time delivery, frequency of sampling, and continuity of
the data stream are valuable features to users. Give them what
they need.

CEOS/IGACO and GEOSS are the way forward.



Alr Quality prediction, assessment, and management Is a
IS a complex proplem]

o Al Quality' Goal: ubiguitous, near-surface
atimoesphenc composition distrbutieons every.
AeUr, eveny day.

e An Integrated observing system comprises process
studies (model results), source/point data, global
observations, and time-resolved observations.

» The pieces of such an integrated observing system for
criteria pollutants are substantially in place, except for the
time-of-day-resolved observations, the last piece in the
puzzle.



Geo TRACE Mission Concept: ~
Time-resolved Tropospheric Chemistry durea

« GeoTRACE measures
tropospheric columns of
chemically linked gases: O,
aerosols, CO, CH,O, NO,,
and SO.,.

» Measurements every hour
A SN L across the entire continent at
----- e sl L. the same time.
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lMl ° Geostationary obit provides
¢ continuous access to the
continental domain (5000 km
X 5000 km, e.g., N. America).

» 3-5 km horizontal resolution.

GeoTRACE concept courtesy
J. Fishman, NASA LaRC

N(-A\J)A Wasshington DC: 48 pixels Bl o “Staring” enables high S/N
oy within the 1-95 beltway
measurements.



