Project 19

Development of Aviation Tools for Airport-Specific Impact
Assessment – Air Quality Modeling
Motivation and Objectives
Previous work in PARTNER showed that Aviationattributable health impacts due to PM2.5 wil be ~6x in 2025
compared to 2005 (Woody et al, Levy et al, 2012)
•
FAA’s Aspirational Goal: Achieve an absolute reduction
in aviation emissions induced “significant” health
impacts
•
Real-world atmospheric process includes feedback of
chemistry on meteorology, which some models don’t
capture
•

•

Chemistry-Transport Model (CTM) vs Climate-Response
Model (CRM)

Need to quantify
•
•
•

Airport or airshed-specific adverse health impacts of
aircraft emissions, and
Assess/quantify effects of meteorology-chemistry feedback
on aviation-attributable concentrations
Assess/quantify changes in aviation-attributable PM2.5 due
to changes in assumptions in aircraft emitted PM2.5 size
distribution

Methods and Materials
Modeling Platform: WRF-SMOKE-CMAQ modeling system
for the year 2005
Task 1: Use CMAQ-DDM and HDDM-3D to compute 1st
and 2nd order sensitivities for O3 and PM2.5
a) Estimate NAS-wide
b) Focus on individual airports for potential impacts on nonattainment

Task 2: Develop NAS-wide modeling platform for the
years 2011 and 2014
Task 3: Develop AEDT Generalized Gridding Tool for
Regional-scale and Global-scale models
Task 4: Provide support for using High Fidelity Weather
from MERRA in AEDT

Task 1:

Summary

/ Approach

Results and Discussion

§ Compute airport-specific sensitivities to assess
potential impacts on non-attainment for various
criteria pollutants
§ First estimate 1st and 2nd order sensitivities of O3 and
PM2.5 to precursor aircraft emissions
§ Apply scaling for pre-defined levels of concentration
ranges to estimate emissions reductions needed

Task 3:
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• Develop tool to access AEDT SQL database directly
and created gridded emissions for multiple regional
and global AQMs
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Fig 1: Second-order sensitivity coefficients
for O3 to NOx and VOC emissions

Task 4:

• New AEDT weather module will use high fidelity
weather from NASA’s MERRA-2 or WRF
• Provide consistency with AQMs in input meteorology
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Task 2:

• Use new 12-km nationwide modeling platform, to
increase fidelity of modeled aircraft impacts
• Use latest inputs from MERRA and EPA’s NEI for the
years 2011 and 2015
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Fig 2: Second-order sensitivity coefficients for
PM2.5 to NOx, SO2 and VOC

A"ainment Analyses

Accomplishments:

Task 1:
§ Completed initial calculations of 2nd order sensitivities
for both O3 and PM2.5; Comparisons with 1st order
estimates ongoing
Task 2:
§ Just started; MERRA2WRF downscaling in progress
Task 3:
§ AEDTProc being expanded to provide needed
functionality in Linux OS; Will migrate to Windows
and SQL access next
Task 4:
§ Completed joint report with ATAC for initial
implementation and summary recommendations;
Ongoing development of new module by Volpe/ATAC/
UNC

Fig 3: Locations of 130 airports in nonattainment regions

•

We can use Taylor series expansions with sensitivity coefficients to
quantify emissions reductions needed to decrease O3 or PM2.5 by
fixed levels for individual airports

Table 1: Illustrative example of emissions reductions needed to decrease PM2.5 by
0.1 μg/m3 for individual airports using only first order sensitivity coefficients
(Second order will be used in future work)

Conclusions and Next Steps
New high-resolution modeling platform under development,
to provide higher fidelity and consistent inputs
• Utilized HDDM-3D in CMAQ to quantify impacts of NAS-wide
aircraft activity; ongoing work to use them for individual
airports and potential impacts on non-attainment
• Airport-level study, and comparison with ASCENT-18 led
monitoring campaign at Boston Logan airport
• Two manuscripts nearing completion for submission
•

Lead investigator: S. Arunachalam
The University of North Carolina at Chapel Hill
Project manager: Jeetendra Upadhyay, FAA
April 18-19, 2017

This work was funded by the US Federal Avia9on Administra9on (FAA) Oﬃce of Environment and Energy as a part of ASCENT Project 19 under FAA Award
Number: 13-C-AJFE-UNC. Any opinions, ﬁndings, and conclusions or recommenda9ons expressed in this material are those of the authors and do not
necessarily reﬂect the views of the FAA or other ASCENT Sponsors.

a) Particle size distributions and their impacts on air quality, with a
focus on ultrafine particles at airports
b) Impacts of coupled meteorological and chemical processes on
aviation-attributable air quality

