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Motivation 

Previous PARTNER work showed that Aviation-attributable health 

impacts due to PM2.5 will be ~6x in 2025 compared to 2005 
ï Woody et al, 2011, Levy et al, 2012

Real-world atmospheric process includes feedback of chemistry on 

meteorology, which some models do not capture
ï Chemistry Transport Model (CTM) vs. Climate Response Model (CRM)

Å FAAôs Aspirational Goal: Achieve an absolute reduction in aviation 

emissions induced ñsignificant health impactsò 

Å For ICAOôs Committee on Aviation Environmental Protection (CAEP) 

tools to assess global aviation emissions-attributable health impacts 

are needed

ü In both cases, science-based tools are required to report year-over-

year changes in health impacts

ü Need to identify airport-specific trends in adverse health impacts for 

developing mitigation strategies
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Objectives

ÅLong term
ïDevelop tools for AQ and health impacts reporting and analyzing 

potential aviation policy scenarios for FAA and ICAO CAEP

ÅNear term
ïAdapt air quality modeling tools to estimate AQ impacts due to 

aviation emissions NAS-wide to facilitate year-to-year reporting 

and scenario analysis

ïDevelop implementation of advanced sensitivity tools in CMAQ 

(such as the Decoupled-Direct Method [DDM]) to allow for 

individual airport-related AQ and health impact characterization, 

informing a more dynamic modeling tool

ïAssess/quantify changes in aviation-attributable concentrations 

due to changes in assumptions aircraft-emitted PM2.5 size 

distributions

ïDevelop tools that use consistent set of meteorological inputs for 

emissions, and air quality models
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Outcomes and Practical Applications

ÅOutcomes
ïProvide tools that combined will:
ÅEnable the assessment of exposure and mortality/morbidity risk due 

to aviation-attributable PM2.5 and ozone
ÅAllow for the assessment of a wide range of aircraft emissions 

scenarios, including differential growth rates and emissions indices
ÅAccount for changes in non-aviation emissions and allow for 

assessing sensitivity to meteorology
ÅRefined and consistent modeling framework across scales
ÅProvide NAS-wide and airport -by-airport results

ÅPractical applications
ïTools for policy-makers considering various potential aviation 

policy scenarios
ï Improved understanding of aviation impacts in terms of air 

quality and public health

ïUpdated metrics to track aviation air quality impacts
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Approach (1 of 2)

ÅCMAQ-WRF-SMOKE modeling system
ïUpgrade to latest versions of the model with improved science

ÅWRF downscaled from NASAôs MERRA Reanalysis dataset

ÅNew higher resolution application for the entire U.S.
ï12x12-km instead of 36x36-km in prior work
ïOver 10x increase in computational resources

ÅEPAôs NEI for 2011 and 2014 for non-aviation sources

ÅFAAôs AEDT chorded inventories for 2011 and 2015

Å Initial and background conditions from climatological 
averages and Northern hemispheric-scale CMAQ 
applications for consistency
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Approach (2 of 2)

ÅAssess airport contributions to hypothetical non-attainment

ÅUsing 2005 modeling platform, but upgraded to using CMAQ 
V5.0.2 with Decoupled Direct Method (DDM)
ïCompute both 1st and 2nd order O3 and PM2.5 sensitivities to precursors

Å Identify airports in the U.S. based upon following criteria
ïCurrently in attainment for all criteria pollutants
ïFalls in at least ñSmallò size category per FAA VALE classification
Å(> 0.05% of total enplanements)

ï In geographically diverse regions with broadly varying climatological 
conditions (temperature and precipitation)

ïServes a major metropolitan area with at least 1M people

Å Initial list of 17 airports, screened to choose 5 airports
ïSeattle Tacoma, WA (SEA), Raleigh-Durham, NC (RDU), Boston Logan, 

MA (BOS), Kansas City, KS (MCI), Tucson, AZ (TUS)
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Schedule and Status

ÅNAS-wide analyses [Ongoing]

ïWith revised AEDT inputs, implement new higher resolution 
framework for 2011, 2015

ÅAirport-specific analyses
ïDevelop 1st order sensitivities for 66 airports [ Completed ]
ïDevelop 2nd order sensitivities [Completed]
ïDevelop non-linearity ratios [Ongoing]

ÅCreate tools and approach for processing High Fidelity 
Weather for use in AEDT [Completed]

ÅAssess impacts of changes in PM2.5 size distributions
ïAnnual simulations [Completed]

ÅDevelop new AEDT generalized gridding tool [Completed]

ÅPerform monitor-model comparisons of UFP from Boston 
Logan airport [Not yet started]
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Characteristics of 5 Chosen 
Airports

Airport Code Enplanements Population Average 

Annual Min 

Temp (degF)

Average 

Annual Max 

Temp (degF)

Average 

Annual Precip

(in)

2005 - 2009

Boston BOS 15.6 M 4.8 M 37 ï43 59 ï68 51 ï80 

Kansas MCI 5.0 M 2.1 M 43 ï48 59 ï68 36 ï50 

Raleigh-Durham RDU 4.7 M 1.3 M 48 ï55 68 ï77 36 ï50 

Seattle-Tacoma SEA 17.9 M 3.8 M 43 ï48 68 ï77 36 ï50 

Tucson TUS 1.6 M 1.0 M 48 ï55 77 ï86 0 ï20 
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CMAQ-DDM Sensitivities for O 3 and 
PM2.5 to NO x Emissions from Seattle

1st Order O 3 and PM2.5 sensitivities show localized decreases and downwind increases

2nd Order sensitivities are generally smaller, showing the effects of non -linearities

1st Order 

O3

2nd Order 

O3

1st Order 

PM2.5

2nd Order 

PM2.5
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CMAQ-DDM Sensitivities and 
Non -linearity analysis @ Seattle

ÅUse non-linearity ratio:

ï RO3 ranges from 0 ï1 
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Interactive Tool for Assessing 
Impacts due to Changes in Emissions
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O3 and PM 2.5 Sensitivities for 5 
Clean Airports during July

Focus on airport grid -cell

O3 sensitivities to aircraft emissions are always negative due to NO x titration effects

PM2.5 sensitivities are more complex, and DDM allows attribution to individual 

precursors; But max magnitudes are < 0.005 ɛg/m3
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O3 Nonattainment Analyses for 5 
Clean Airports


