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Motivation
•

The air quality impacts of aviation emissions are normally assessed
using chemical transport models. These tend to be
computationally expensive, thus limiting the number of policy
scenarios that can practically be evaluated.

•

This work aims to overcome this computational cost by enhancing a
rapid assessment tool, which is based on an adjoint of an
atmospheric chemistry transport model (GEOS-Chem) [Henze et.al, 2007].

•

Work is a continuation of PARTNER Project 45. Approach has been
previously used by Koo et al. (2013) and Gilmore et al. (2013).
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Objectives
• Long-term:
Develop and update the operational tool (for PM2.5 and O3) for both
the US and the global domain, that will enable the rapid air quality
assessment of aviation emissions scenarios

• Near term:
Second-order sensitivity study: these will allow us to quantify future
emissions scenarios more accurately, by knowing how much the
sensitivities change for a given change in background emisisons
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Outcomes and Practical Applications
• Outcomes:
– Rapid assessment air quality tool (both for PM2.5 and O3) for the US and
global domain
– Calculation of second-order sensitivities, with which we will be able to
assess the impact of changes in the background emissions on the
aviation-attributable health impacts
– Plan for the development of an operational nested tool for EU and SEA
domains

• Practical applications
– Rapid policy assessment tool

@C
@E

E,met,
i,j,k,t

Sensitivity matrix

:

Ei,j,k
Emission scenario

=

Impact we are
interested in

4

Approach
•

Two different grids resolutions for the two tools:
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•

Adjoint tool also allows to study the speciated, temporal and spatial
variation of the impacts of emissions

•

Second order sensitivities will be calculated using the sensitivities
obtained assuming NEI 2005 background emissions, and those
obtained assuming NEI 2011 background emissions
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Schedule and Status

•

Time Period

Deliverables

3 Months

Second-order sensitivities calculated and
analyzed

6 Months

Ozone capability addition for global and
nested NA & make tool available for use
outside MIT

1 Year

Briefing on the initialization of work for nested
EU and SEA domains

Current status: working on second-order sensitivity calculations
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Recent Accomplishments and
Contributions (1 of 2)
•

Global PM2.5 adjoint tool used for policy analysis

•

Created preprocessor and streamlined the following process:
Gridded data provided by VOLPE
Emissions preprocessor
Emissions gridded in GEOS-Chem global grid

Application of adjoint sensitivities
Total mortalities for scenario year

Interpolation between scenario years
Mortalities timeline

Monetizing future mortalities (using VSL, discount rates)
Monetized AQ cost for specific scenario
7

Recent Accomplishments and
Contributions (2 of 2)
The sensitivities allow us to estimate the seasonality in the sources of the
AQ impacts of aviation. Specifically, for SO2, in NA, from the nested adjoint
model:
Population
exposure to
PM2.5

@J
(i, j, k, t)
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We observe significant seasonal variation for SO2 for all altitude levels. Thus
a sulfate emissions controls policy (e.g. alternative fuels, low sulfur jet fuel)
during the summer months will be ~2 times more effective than in the
winter.
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Interfaces and Communications
• External
– Presentation given at ANERS 2015, La Rochelle, France

• Within ASCENT
– Project 2014-14: Application of the tool to policy scenarios
– Project 2014-18: Health Impacts Quantification for Aviation Air
Quality Tools (BU): for health impacts assessments
(determination of a CRF).
– Project 2014-19: Development of Aviation Air Quality Tools for
Airport-Specific Impact Assessment: Air Quality Modeling Tools
(UNC): to maintain consistency between assumptions and
inventories
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Summary

•

Summary: Development of an air quality rapid assessment tool for
the US and the global domain, based on the adjoint of a chemistry
transport model (GEOS-Chem). This tool was applied for the CO2
standard global AQ analysis

•

Next steps: Second-order sensitivity study

•

Key challenges/barriers:
– Modeling differences between forward GEOS-Chem and adjoint might
affect validation of the tool
– Numerical/subtraction errors when calculating second order sensitivities
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