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Figure 7.6 | Change in effective radiative forcing (ERF) from 1750 to 2019 by 
contributing forcing agents (carbon dioxide, other well-mixed greenhouse gases 
(WMGHGs), ozone, stratospheric water vapour, surface albedo, contrails and 
aviation-induced cirrus, aerosols, anthropogenic total, and solar).

IPCC, Climate Change 2021: The Physical Science Basis

Lee et al., 2021

 Non-CO2 accounts 
for 2/3 of aviation 
ERF

 Contrail cirrus 
dominates non-
CO2 ERF but has 
large uncertainty
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Contrail 
cirrus 
net 
radiativ
e 
forcing Teoh et al., 
ACP, 2024
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July 23, 2024

https://www.rtx.com/news/2024/07/23/cto-joint-statement
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2025 ISSPCCRR, Fudan University

Getting 
tipsy!
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2025 ISSPCCRR, Fudan UniversityRockström et al. (2021). Identifying a safe and just corridor for people and the planet. Earth's Future, 9, e2020EF001866. 

The challenge: To define and navigate toward 
a safe and just future for people and the planet
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A Study of the Formation and Evolution of Aerosols and Contrails in Aircraft 
Wakes: Development, Validation and Application of an Advanced Particle  
Microphysics (APM) Model
Yu, 1998, Ph.D. Dissertation, UCLA  

Advisor: Prof. Richard Turco

Field data used to constrain the model:
Measurements taken in the Concorde Supersonic Aircraft in the Lower  

Stratosphere (Fahey et al., 1995)
 SULFUR missions (Schumann et al., 1996; Schröder et al., 1998)
 SNIF (Subsonic Assessment: Near-field Interactions Flight) (Anderson et al.,  1998)
 SUCCESS (Subsonic Assessment: Cloud and Contrail Effects Special Study)  (Toon and 

Miake-Lye, 1998)

Results and findings related to this study were reported in 11 papers (Yu and Turco, 1997, 
1998a, 1998b, 1999; Yu et al., 1998, 1999; Turco and Yu, 1997, 1998, 1999. Kärcher et al., 1998, 2000)

Two versions of APM model: one for kinetic nucleation and another for 3-D models

Yu and Turco, 1997, 
1998a, 1998b, 1999; 
Yu et al., 1998, 1999; 
Kärcher et al., 1998, 
2000 

APM for particle formation in aircraft exhaust plume
Yu and Turco, 2000, 2001

Ion-mediated nucleation (IMN) in ambient air

Second-generation IMN modelThird-generation IMN 
model: Ternary IMN

Yu, 2006
Yu et al., 2018

Nadykto and Yu, 
2003, 2004a,b;
Yu, 2005a,b

Yu, 2007; Nadykto et al., 2008a,b,c; 
2009a,b; Herb et al., 2011, 2013 

1. SAI
2. Aviation

CESM2-WACCM-APM 
WRF-CMAQ-APM

E3SM-APM

GEOS-Chem-APM 
WRF-Chem-APM

APM for 3-D models
Yu & Luo, 2009
Luo & Yu, 2011

Plume 

Scale
Global 

Modeling

Fhttps://www.albany.edu/~yfq/publication.html

Yu et al, 2025
Mao et al, 2025

Luo et al, 2025

APM for BOXMOX
Mao et al, 2021
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