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Nitrate aerosol

Extreme wildfire smoke
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O3 and OH reaction with smoke
Plume Rise by heating
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• For the first time, smoke plume Self-Rising is 
clearly observed

• Evidence of smoke’s photolysis in stratosphere
• Smoke heats local stratosphere

Nuclear Winter
Regional nuclear war ---> global impacts



We use a Sectional Aerosol Model coupled 
with a climate model (CESM-CARMA)
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Global Chemistry Climate Model
CESM-CARMA
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Background at 20 km: pure sulfate 
dominates
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Background in UTLS:
Organics and Sulfate’s concentrations are comparable 

Yu et al., 2016, GRL

Sulfate / (Sulfate + Organics)



Asian Summer Monsoon’s
aerosol “pumping” effect
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Tropics’ convection

Kremser et al., 2016, Review of Geophysics



ASM contributes 15% to stratospheric aerosol; 
Tropics contributes ~50%

Asian Summer Monsoon: 15% annual

Tropics: 50% annual

Unit: %

Yu et al., 2017



After pumped into the stratosphere, 
aerosols are transported polewards
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Extreme wildfire smoke
Yu et al., 2019, under review

O3 and OH reaction with smoke
Plume Rise by heating

Asian Summer Monsoon

Tropics’ convection
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2017 British Columbia Event is Large

Peterson et al., 2018


