Model Calculations of the Atmospheric Effects of Supersonic Aviation Which Were Used in the IPCC Special Report on Aviation and the Global Atmosphere

Lead Author:

Debra Weisenstein, AER, Inc., U.S.A.

Technical Support:

Karen Sage, NASA Langley Research Center, U.S.A. Donald Brown, NASA Langley Research Center, U.S.A.

Co-Authors:

Richard S. Eckman, NASA Langley Research Center, U.S.A. Malcolm K.W. Ko, AER, Inc., U.S.A.

Contributors:

Steven L. Baughcum, Boeing Company, U.S.A. Martyn Chipperfield, University of Cambridge, U.K.

Michael Gauss, University of Oslo, Norway William L. Grose, NASA Langley Research Center, U.S.A.

Robert S. Harwood, University of Edinburgh, U.K.

Ivar Isaksen, University of Oslo, Norway Charles H. Jackman, NASA Goddard Space Flight Center, U.S.A.

Douglas E. Kinnison, Lawrence Livermore National Laboratory, U.S.A. Giovanni Pitari, University L’Aquila, Italy Helen Rogers, University of Cambridge, U.K.

Courtney J. Scott, AER, Inc., U.S.A. Peter F. Vohralik, CSIRO, Australia Vicky West, University of Edinburgh, U.K.

May 1999

Rationale

This report is intended to expand upon the IPCC Special Report on Aviation and the Global Atmosphere. It provides additional detail regarding the supersonic emission scenario calculations presented in Chapter 4—Modeling the Future Atmosphere. Due to the space limitations in that document, detailed plots and discussion for a majority of the model calculations were omitted. This document is intended to fill that gap and has been compiled for two reasons: (1) to aid those called upon to review the IPCC Special Report, and (2) to archive and document the calculations performed by nine modeling groups for up to 50 scenarios each. This document does not attempt to provide a synthesis of the modeling results or draw conclusions regarding the impact of aircraft on the atmosphere. That function is provided by the IPCC report.

The model descriptions and model results presented in this document represent the state of those models in 1997 when the calculations were performed. Because models are continually evolving and undergoing further development, these results should be considered as a historical snapshot. Please do not cite results presented herein without first obtaining permission from the group which performed the calculations.

Contents

1 Model Descriptions 4 1.1 Transport Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1.1.1 Domain and Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1.1.2 Temperature and Transport Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . 6 1.2 Chemistry Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.2.1 Gas-phase Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.2.2 Heterogeneous Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.2.2.1 Reactions on Sulfate Aerosol . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 1.2.2.2 Reactions on PSCs and Cold Sulfate Aerosol . . . . . . . . . . . . . . . . . . 12 1.2.3 Chemistry Solvers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 1.3 Sources and Sinks for Some Species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2 Emission Scenarios 22 2.1 Fuel Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 2.2 HSCT Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 2.3 Sulfur Emission Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3 Background Atmospheres 44 3.1 Scenario D Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 3.2 Scenario D3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 3.3 Scenario D4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 3.4 Scenario D5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 3.5 Scenario D6 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 3.6 Scenario D7 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 3.7 Scenario D8 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 3.8 Scenario D9 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 3.9 Scenario F Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 3.10 Scenario G Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

4 HSCT Perturbations for 2015 150 4.1 H_2O Perturbations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152 4.2 NO_y Perturbations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 4.3 O_3 Perturbations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 4.3.1 Base Scenarios (S1a-e,i,j) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 4.3.2 Scenarios with Sulfur Emissions (S1f-h,k,l) . . . . . . . . . . . . . . . . . . . . . . . . 286 4.3.3 Scenarios with Modified Cruise Altitude (S2a-e) . . . . . . . . . . . . . . . . . . . . . 323 4.3.4 Scenarios with Enhanced Background Aerosol (S3a-f) . . . . . . . . . . . . . . . . . . 353 4.3.5 Scenarios without PSC Formulations (S4a-c) . . . . . . . . . . . . . . . . . . . . . . . 391 4.3.6 Scenarios with Different Cl_y Loadings (S5a,b, S6a,b) . . . . . . . . . . . . . . . . . . . 404 4.3.7 Scenarios with Interactive Microphysics (S7a-d, S8a) . . . . . . . . . . . . . . . . . . . 425

5 HSCT Perturbations for 2050 454 5.1 H_2O Perturbations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456 5.2 NO_y Perturbations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 460 5.3 O_3 Perturbations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467 5.3.1 Base Scenarios (S9a,b,d,g) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468 5.3.2 Scenarios with Sulfur Emissions (S9c,e,f,h) . . . . . . . . . . . . . . . . . . . . . . . . 485 5.3.3 Scenarios with Modified Cruise Altitude (S10a-d) . . . . . . . . . . . . . . . . . . . . . 503 5.3.4 Scenarios with Modified Subsonic Fleets (S11a, S12a) . . . . . . . . . . . . . . . . . . 520