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Objective:
 Further enhance the overall understanding of aviation impacts on 

climate and environment
 Studies exploring regional climate impacts from aircraft emissions.
 Evaluate capabilities, limitations, and uncertainties of 

climate metrics and simple models (e.g., APMT) to aid policy 
decisions.

Motivation
 Science-based evaluation of analytical tools used by the FAA; 
 Development of ideas and concepts for the next generation treatment 

of aviation effects on the Earth system;
 Updated evaluation and analyses of the science of aviation effects on 

atmospheric composition and climate; 
 Evaluation of potential environmental effects from assumed fleets of 

supersonic commercial and business jet aircraft
 Address policy questions and consideration of potential policymaking.

Project Benefits:
 Science-based evaluation of analytical tools used by the FAA; 
 Advancing consideration of aviation effects on the Earth system;
 Enhanced understanding of aviation effects on atmospheric 

composition; 
 The evaluation of potential environmental effects from assumed fleets 

of supersonic commercial and business jet aircraft;
 Addressing policy questions and consideration of potential 

policymaking quantifying regional climate impacts.

Major Accomplishments (to date):
 Completed evaluation of atmospheric chemistry and climate 

impacts for emissions from SST fleet aircraft proposed by Ga. 
Tech.

 Completed three reports for ICAO through ISG
 Biweekly telecons with FAA; Quarterly and annual reports
 Presentations and participation in CCR and ASCENT meetings, 

ICAO, AGU and other conferences.

Future Work / Schedule:
 Publish submitted journal paper for the Ga. Tech projected 

supersonic fleet. 
 Complete analyses and publish joint paper based on MIT SST 

fleets. 
 Develop and test initial version of the contrail version of WACCM
 Coordinate with MIT on further APMT-IC, e.g., for supersonic 

impacts (ASCENT Project 58). 

Research Approach:

This research was funded by the U.S. Federal Aviation Administration Office of Environment and Energy through ASCENT, the FAA Center of Excellence for Alternative Jet Fuels and the Environment, project A22 through FAA Award Number 13-C-AJFE-
UI-029 under the supervision of Dr. Jeetendra Upadhyay. Any opinions, findings, conclusions or recommendations expressed in this this material are those of the authors and do not necessarily reflect the views of the FAA.

Analyses of atmospheric composition changes and climate 
effects from aviation emissions

 State-of-the art climate-chemistry modeling capabilities (we are 
using the greatly extended Whole Atmosphere Community Climate 
Model (WACCM) version of NCAR’s Community Earth System 
Model) – ground to 140 km with comprehensive atmospheric 
chemistry.

 Conduct simulations with different emissions scenarios as well as 
sensitivity studies for different parameters (e.g., fuel burn, NOx) 
for supersonic and subsonic aircraft fleets.

Consideration of contrail effects on climate

 Developing modeling tools for enhanced understanding of contrail 
effects in the global atmosphere. 
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Top-Down View of the aircraft design with

Mach Contours shown. Low surface Mach

numbers are shown in orange/red. The absence

of orange over the top of the wing and the aft

fuselage indicates clean aero shaping avoiding

unnecessary shocks which would increase wave

drag and lower efficiency significantly.

Potential Impacts on Ozone and Climate 

from a Proposed Fleet of Supersonic Aircraft

1+1 and 2+1 seating 

for 55 passengers

Cruise: Mach 2.2 (17–20 km altitude) 

Jun Zhang, Donald Wuebbles, Douglas Kinnison, Jens Holger Pfaender, Nicholas Davis



3

Emissions Scenario

Routes with associated demand represent the expected upper limit for 

the total potential market for commercial supersonic operations in 

2050 consisting of just over 2.35 million annual flights globally

Mach 

number

Cruise 

Altitude 

(km)

Fuel 

Burn 

(Tg/yr)

NOx 

Emission 

(Tg/yr)

H2O 

Emission 

(Tg/yr)

BC

Emission 

(Gg/yr)

Sulfur 

Emission 

(Gg/yr)

2.2 17-20 122.32 1.78 151.31 6.12 73.39

Flights shown only for this SST scenario
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Effects on Atmospheric Composition

Calculated SST 

aircraft emission 

induced annually-

averaged percentage 

change in the 

atmospheric mixing 

ratios of (a) NOy, 

(b) H2O, (c) BC 

aerosol and (d) SO4

aerosol, relative to 

2035 background 

atmosphere. 

Red dashed line = 

tropopause.
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Effects on Ozone

Maximum ozone depletion in 

percentage peaks over the tropical 

region at the 28 km to 34 km with a 

reduction of −5%.

NH: total ozone depletion occurs for the 

entire year, with a maximum of -1.4% loss 

in August to October. 

SH: total column ozone shows an increase 

near mid-latitudes during September to 

April and polar regions in Oct.-Nov. 
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Effects on Total Ozone

~20% of the total impact of chlorofluorocarbon emissions at their peak

0.74% reduction in global column ozone
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Radiative Forcing on Climate

Annual and global average change in stratospheric-adjusted RF 

(mW/m2) at the tropopause for supersonic aircraft induced changes 

in Ozone, H2O, BC and Sulfate
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Summary

 The proposed fleet supersonic fleet is projected to fly at Mach

2.2 (17–20 km altitude) and burn 122.32 Tg of fuel each year

and emit 1.78 Tg of NOx per year.

 This proposed fleet would cause a 0.74% reduction in global

column ozone (~2 Dobson Units), mainly attributed to the

nitrogen oxides emissions.

 Climate impact from changes in atmospheric ozone, water

vapor and aerosols from this fleet result in a net non-CO2 and

non-contrail climate forcing of 45.4 mW/m2.
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