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26 August 1908  Shirati  (1.08S, 33.59E)



The Quasibiennial Oscillation
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SAGE I / SAGE II / SAM II 
Aerosol Climatology 

• Quasi-biennial Oscillation
• Brewer-Dobson Circulation
• Annual cycle
• Tropical reservoir 
• Lower and upper transport regimes
• Transport pathways of aerosol out of the tropics

into extratropical anticyclones
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The observed (black lines) global-mean (90 °N–90 °S) changes in the lower 
tropospheric temperature compared to the modelled result (dashed red) after Mt. 
Pinatubo's eruption in June 1991. 

From Soden et al., Science, 2002, 296, 727–730. Reprinted with permission from 
AAAS as Fig. 2 in H. N. Huynh and V. F. McNeill, 2024: The potential 
environmental and climate impacts of stratospheric aerosol injection: a review.  
Environ. Sci.: Atmos., DOI: 10.1039/d3ea00134b.



Hitchman et al. (1994)   JGR

Brewer-Dobson Circulation

9 year mean aerosol extinction ratio
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Hitchman, M. H., S. Yoden, P. H. Haynes, V. Kumar, and S. Tegtmeier, 2021: An observational
history of the direct influence of the stratospheric Quasi-biennial Oscillation on the tropical and
subtropical upper troposphere and lower stratosphere. J. Meteor. Soc. Japan, 99,
https://doi.org/10.2151/jmsj.2021-012





How does air exit the tropics?

Middle Stratosphere Fall Winter Spring 
Planetary scale waves 

Lower Stratosphere All Year 
Monsoon tops interact with

travelling baroclinic waves

Regulated by the phase of the QBO
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June 14 – July 26, 1991  SAGE II

570 K  ~ 23 km altitude



Eruptions change the general 
circulation of the stratosphere

• Increased Brewer-Dobson Circulation
à more methane in stratosphere

• Cooler troposphere à drier troposphere
• Warmer tropical tropopause 

à more water vapor in stratosphere
• Warmer tropical stratosphere
• More polar stratospheric clouds
• Warm continental troposphere in winter
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Baldwin and Dunkerton (2001)    Science Blue = Stronger westerly vortex



Shindell et al. 2004: Climate response to eruptions since 1600. J. Geophys. Res., 109.





• Volcanic aerosol patterns reveal the 
QBO and annual circulations

• Detrainment from the “tropical reservoir”
in the mid-stratosphere occurs during winter
in association with planetary waves

• Detrainment occurs in the lower stratosphere   
all year in association with monsoons and 
travelling synoptic waves

• Major eruption increase the Brewer-Dobson 
circulation and excite the NAM



Very Large Eruptions









Slab ocean
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2 ice cores;  −0.25 𝑡𝑜 − 1𝑊/𝑚2
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Changes in stratospheric aerosol extinction coefficient after the 2018 Ambae eruption as
seen by OMPS-LP and MAECHAM5-HAM
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