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Acknowledgments

•
 

Everyone

Where is Jack?



simply, Arithmetic injustice

•
 

Greater than 95% of air pollutant mass 
is located above 100m, 
yet we (air program community)

 

focus 95 % of our 
characterization on the bottom 10 
meters
{compromises both predictive and current 
characterization phenomena}



Sequence
•

 
Background on Current/historical/future air 
program priorities
–

 
Recent rules

–
 

New Ozone and PM NAAQS
–

 
New drivers and challenges

•

 

Multimedia
•

 

Multi-pollutant
–

 

Climate-AQ interactions
•

 

Accountability
•

 

Multiple scales
•

 
Air program user  perspective on linkage with 
NASA products.



The Air Quality Management Process

DETERMINE NECESSARY 
REDUCTIONS 
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REDUCTIONS
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STRATEGIES

IMPLEMENTIMPLEMENT
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RESULTS
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ESTABLISH
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----

 

National, Regional RulesNational, Regional Rules
--e.g. Mobile, NSPSe.g. Mobile, NSPS
--NOx SIP call, CAIRNOx SIP call, CAIR

----

 

Develop State, Local, Tribal  Develop State, Local, Tribal  
PlansPlans

----

 

State Implementation Plans (SIPs)State Implementation Plans (SIPs)

----

 

PermitsPermits

----

 

Compliance & EnforcementCompliance & Enforcement

----

 

National Ambient Air National Ambient Air 
Quality Standards (NAAQS)Quality Standards (NAAQS)

----

 

Regional HazeRegional Haze

----

 

MonitoringMonitoring

----

 

InventoriesInventories

----

 

Data Analysis &  ModelingData Analysis &  Modeling

----

 

Assess ProgressAssess Progress

----

 

Evaluate Effectiveness Evaluate Effectiveness 
& Efficiency& Efficiency

Scientific ResearchScientific Research



Fine Particle Reductions Work
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Portage PM pollution (including 
sulfates) declines 
accompanied by 
reduced mortality risk

Layden

 

et al (2006).  Effect of Reduction in Fine Particulate Air Pollution and on Mortality: A extended follow-up

 

in of the Harvard Six Cities Adult Cohort



Which NAAQS are most important?

No. Counties with 
Monitors>NAAQS 
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2004
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fine particlesonly

Nonattainment areas for 8-hour
ozone only 

Ozone and PM 
are our highest 
priority
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Areas Projected to Exceed the PM2.5

 

and 8-Hour Ozone 
Standards in 2015 with CAIR/CAMR/CAVR and Some 
Current Rules* Absent Additional Local Controls

**Areas forecast to remain in nonattainment may need to adopt 
additional local or regional controls to attain the standards by

 

dates set pursuant to  the Clean Air Act.  These additional local or 
regional measures are not forecast here, and therefore this figure 
overstates the extent of expected nonattainment.

*Current rules include Title IV of CAA, NOx

 

SIP Call, and some existing State rules.

Area Count
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Legend
Both PM and Ozone Nonattainment
PM Only Nonattainment
Ozone Only Nonattainment
Nonattainment areas projected to attain



New PM NAAQS 2006
•

 
Annual NAAQS 15 ug/m3

•
 

24 hour 98th

 
percentile NAAQS 35 µg/m3

–
 

From 65 µ
 

g/m3
–

 
Implications ….new definition for anomalous events

•

 

Increased relevance of remote sensing information

•
 

PM10 remains
•

 
Requirements for PM10-2.5

 

monitoring
–

 
focus on urban coarse PM resuspended

 
by heavy 

traffic, industrial sources, and construction
•

 

excludes rural dust uncontaminated by urban, industrial 
sources (excludes agriculture, mining, wind blown dust



Sites with 2003-05 PM2.5

 

Design Values:
> 15 ug/m3, 14-15, 13-14 ug/m3

 

annual, > 35 ug/m3

 

24 hr 98%tile

Rich Poirot



Counties Exceeding the Proposed PM2.5 NAAQS-
 

2015 
Base Case Annual 15 ug/m3 and 24-Hour 35 ug/m3

Number of Counties

25

44

7

Legend
Annual and 24-hour PM2.5 Nonattainment

24-hour Only PM2.5 Nonattainment

Annual PM2.5 Only Nonattainment

Counties Projected to attain 115

Total Nonattainment 76

CAIR/CAMR/CAVR 2015 SMAT 15/35

*EPA models assume implementation of CAIR/CAMR/CAVR, mobile source and other federal rules and existing state
programs. Air quality is expected to be better than shown. This approach does not forecast actions states will take to
meet current PM standards. Also note that modeled air quality forecasts are subject to a number of uncertainties.

New (proposed) standards increase relevancy
of satellite data and comprehensive observational systems



Ozone Standard under review

•
 

Current standard (not to exceed) of 0.08 
ppm

 
running 8 hour average

•
 

Recent health effects research suggesting 
link between ozone exposure and mortality

•
 

Ozone assessment considering reduced 
levels as low as 0.06 ppm

•
 

Raises importance of background ozone, 
transport and climate-AQ interactions
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Emerging Findings Suggesting Link between Ozone and Mortality
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Morbidity, Mortality, and Air Pollution Study Michelle L. Bell,* Francesca Dominici,† and Jonathan 
M. Samet‡, Epidemiology • Volume 16, Number 4, July 2005



Counties With Monitors Violating Alternative 8-hr Ozone Standards

 
(Based on 2003 –

 

2005 Air Quality Data)

1 Out of 639 monitored counties 

2

 

No monitored counties outside the continental U.S. violate

3

 

Monitored data can be obtained from the AQS system at 
http://www.epa.gov/ttn/airs/airsaqs/

Notes:
4

 

The current standard of 0.08 ppm is effectively expressed as 
0.084 ppm when rounding conventions are applied.

5

 

These estimates are based on the most recent data certified 
as complete(2003 –

 

2005).  EPA will not

 

designate areas as 
nonattainment

 

on these data, but likely on 2006 -

 

2008 data 
which we expect to show improved air quality.

104 counties violate .084 ppm

294 additional counties violate .075 ppm

 

for a total of 398

135 additional counties violate .070 ppm

 

for a total of 533

63 additional counties violate .065 ppm

 

for a total of 596

22 additional counties violate .060 ppm

 

for a total of 618

21 counties meet .060 ppm

 

for a total of 
639

http://www.epa.gov/ttn/airs/airsaqs/


Sites with 2003-05 Ozone Design Values:
> 0.084 ppm, 0.081-0.084, 0.075-0.080, 0.071-0.074, 0.061-0.070 ppm

Rich Poirot



Don’t forget ozone



And EPA’s research budget

•
 

exploded for PM in the late 90’s -2000’s
•

 
What happened to fundamental oxidant 
research?
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Health Effects:

 

Symmetries in atmospheric and cellular level chemistries

Atmospheric
Pathways

Reactive Oxidant
Cell Chemistry Processes
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We need to re-respect the 
Center of the Environmental Assessment Universe…

Air Air 
ToxicsToxics
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Role in Linking Pollutants Formation : Role in Linking Pollutants Formation : OneOne--

 
AtmosphereAtmosphere

NOx + VOC + OH
+ hv ---> O3

SOx [or NOx] + NH3 + OH
---> (NH4)2SO4 [or 

NH4NO3]

SO2 + OH ---> 
H2SO4NO2 + OH ---> HNO3

VOC + OH --- 
>
Orgainic PM

OH <---> Air 
Toxics

(POPs, Hg, etc.)

Fine PM
(Nitrate, 
Sulfate, 

Organic PM)

NOx + SOx + OH
(Lake 

Acidification, 
Eutrophication) 

Artist…C. Jang



Emerging Challenges for Air Policy
•

 
Developing Multiple pollutant integrated management strategies

•
 

Assessing and Protecting Ecosystem Health
•

 
Multiple spatial scales of interest

•
 

Intercontinental and Cross-Border Transport
•

 
Maintaining AQM System Efficiency in the face of 
Changing Climate

•
 

Ongoing Assessments and feedbacks of program progress 
(accountability)



Air Toxics



.  

Nexus of ozone, PM2.5

 

(2003-5) and air toxics (NATA 1999)

High Risk Counties often Coincide with Locations where
Criteria Pollutant Issues are Significant -

Draft



Mercury Deposition from US Power Plants: 2020 with CAIR & 
CAMR

Mercury Deposition from US Power Plants: 2001

Mercury Deposition From All Sources: 2001

Mercury, current and future AQ challenge 
requiring multiple –

 

scale approach



MANAGING MULTIPLE SPATIAL 
SCALES



High exposure to ultrafine

 
particles, CO, other 
pollution near roadway

Increased risk near and on 
roadways

New findings on roadway pollution

Relative Particle Number, 
Mass, Black Carbon, CO 
Concentration near a 
major LA freeway



International transport/climate       
interactions

 
Scale: global/regional

April 2001 Dust Transport Event Observed from TOMS

April 9/8 April 10/9 April 11/10

April 12/11 April 13/12 April 14/13

http://jwocky.gsfc.nasa.gov/aerosols/today_plus/yr2001/dust010409.jpg
http://jwocky.gsfc.nasa.gov/aerosols/today_plus/yr2001/dust010410.jpg
http://jwocky.gsfc.nasa.gov/aerosols/today_plus/yr2001/dust010411.jpg
http://jwocky.gsfc.nasa.gov/aerosols/today_plus/yr2001/dust010412.jpg
http://jwocky.gsfc.nasa.gov/aerosols/today_plus/yr2001/dust010413.jpg
http://jwocky.gsfc.nasa.gov/aerosols/today_plus/yr2001/dust010414.jpg
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Hemispherical
Transport

Evolutional change in National Air Pollution Management



Hemispheric > 1000 km
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EPA and Climate Change
 (acceleration)•

 
Roles
–

 

Near term regulatory activity (OTAQ)  …Supreme court ruling
•

 

Mobile source rulemaking under development, “20 in 10”

 

plan to 
reduce GHG emissions (with USDA, DOE and DOT)

–

 

Alt. fuels, CAFE  Standards
–

 

Communicating effects and mitigation strategies (OAP)
–

 

Emissions Inventory development (OAP/OAQPS/ORD)
•

 

GHG; harmonization with NEI
–

 

Linkages with Hemispheric transport (OAR)
•

 

Similar tools (emissions, obs., models)
•

 

Climate induced transport pathway alterations
–

 

Climate influences on air quality (OAQPS/ORD)
•

 

Linking global and regional scale modeling
•

 

Accounting for climate impacts in developing policies



Mitigation of climate penalty by emission reductions 
in ozone precursors (Wu et al.)

“climate penalty”

 

for ozone air quality = Δ[O3

 

] from climate change

Reductions of anthropogenic emissions significantly mitigate the

 “climate penalty”

 

and can even turn it into a “climate benefit”

 

in 
southeast and northwest U.S.

(ppb)

Present emissions Future emissions
Change of summer average max-8h ozone due to climate change



Multimedia Assessments

•
 

Start with NAPAP (Acid rain, Title 4)
–

 
Interest waning as ozone, then PM2.5 emerged as 
dominant air quality interests starting in the late 
1980’s

•
 

2004 NAS AQ Report driving EPA, AQ 
community 
–

 
Reorganization

–
 

Resource allocations
–

 
New NARSTO MP-MM-ACC assessment

•

 

NASA participation requested



Primary Sources
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Integration across pollutants and media: tradeoffs and optimum strategies?



ACCOUNTABILITY



Source emissions
Direct NO, SO2, VOC, 
CO, metals,

Ambient precursors and intermediates
NO, NOy, CO, VOC, SO2, metals, 
radicals, peroxides

Ambient target species
O3, PM, HAPs

Health effects
Asthma, 
cardio-pulmonary ↓,
Cancer, death

Ecosystem + effects
Defoliation, Visibility
↓

 

biodiversity, 
Metals concentration

Perceived (measured?)
Life quality

Increasing influence in 
confounding factors and 
perceived value to public policy

Increasing confidence
In characterization

Secondary and deposition loads
Visibility, acidification, 
eutrophication, metals

Exposures
Inhalation, digestion

Accountability and Indicators Pipeline

Feedback/correction



Largest decline in ozone occurs in and downwind of EGU NOx 
emissions reductions (2002-2004)

(analysis constrained by absence ambient NOx

 

data)
Decrease from 2002 to 2004 (Adjusted Data)

-3 ≤ D

-5 ≤ D < -3
-8 ≤ D < -5

D < -8

Decrease in ppb

Decrease from 2002 to 2004 (Adjusted Data)

-3 ≤ D

-5 ≤ D < -3
-8 ≤ D < -5

D < -8

-3 ≤ D

-5 ≤ D < -3
-8 ≤ D < -5

D < -8

Decrease in ppb

The major EGU NOx emissions reductions occurs after 2002 (mostly

 

NOx SIP Call)
Average rate of decline in ozone between 1997 and 2002 is 1.1%/year.  
Average rate of decline in ozone between 2002 and 2004 is 3.1%/year.  

Decline in “Seasonal Average”
8-Hour Daily Maximum Ozone

Met. Adj.
Tons Reduction

-33,000 -
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0 -
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28,000 -

 

73,000

74,000 -

 

110,000

120,000

EGU NOx Tons Reduced



GOME Satellite NO2

 

Trends (1995-2002)

Richter et al., 2005



Courtesy NOAA, Kim et al.



Ozone 4th Max

PM2.5CO

PM10NO2

SO2

Lead

Benzene

1,3-Butadiene

Tetrachloroethylene

Acetaldehyde

Draft



Perspectives on NASA Products/Partnerships



Start with….

•
 

A simple overarching goal or vision,

–
 

Strive for maximum and efficient AQ 
characterization in time, space and 
compositional terms

•
 

the intersecting or common link between 
air programs and satellite data and 
integrated advanced systems



•
 

Integration  of 
systems to 
improve 
–

 

air quality models 
for forecast

–

 

Current and
–

 

Retrospective 
assessments

•
 

Global-Regional 
Air Quality 
Connections

•
 

Climate-AQ 
connections

TGAS/Aerosol Satellite Measurements 
and Numerical Predictive Models

Land AQ Monitors

Total column depth
(through Satellites)

AQ model results

Vertical Profiles

Integrated Observation-

 

Modeling

Optimized PM2.5, O3

Characterizations

Health

Air management

ecosystems



Using “characterization”
 

as a driver, 
…consider

•
 

Integration of observations and modeling logically is 
more critical than observations alone; might imply priority 
on

•

 

Inverse emissions generation
•

 

“data assimilation”
•

 

Observation gap filling an input to above
–

 

Lower expectations of replacing in-situ observations

•
 

Vertical characterization severely neglected (most mass 
is well above the surface)

•
 

NASA supported outreach providing conceptual 
pictures/models is a major contribution filling a gap
–

 

Smog blog
–

 

IDEA



How serious (re: partnerships) are 
agencies 

•
 

Technical collaboration is happening
•

 
Opportunities remain/missed?
–

 
Ground surface complement to leverage total column 
data

•

 

NASA dedicated resources in linking column and vertical 
observations to surface data

•

 

EPA/States/USDA/USGS/DOI rest on established networks
–

 

Suggestions: in situ HCHO, trace gases (SO2, CO, NO2) to 
evaluate OMI

–

 

EPA Sustain Brewer UV network
–

 

Aggressive NH3 and Hg monitoring (space complements not 
available

–

 

Integrated multi-agency strategy development



GEOSS
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Test beds
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CASTNET

Lidar
systems

NADP Satellite data

Intensive studies

PM centers

Other networks:
SEARCH, IADN..

Organizations
Programs

Data sources

CMAQ
GEOS-CHEM

Emissions
Meteorology

NAAQS
setting

CDC

Health/mort.
records

Coordination
Cluster
Mess



Bridging atmospheric science-IT worlds

•
 

EPA/NASA/NOAA IT systems
•

 
US GEO role?

•
 

Building the ESIP, DataFED
 

concepts into 
a working system accessible and usable 
by the non expert community
–

 
Lessons from WMO/GAW, GEMS, 
GIOVANNI, VIEWS



Thank You!
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