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CSD research has examined 
 

Ø Aerosol compositions and sources 

Ø Anthropogenic impact on 
stratospheric aerosol trends 

Ø Radiative forcing due to 
stratospheric aerosols 

•  Aerosols in the stratosphere are 
chemically and radiatively 
important for climate. 

•  Significant short term and long 
term variability has been 
observed, resulting in observed 
changes in surface temperature 
and stratospheric ozone. 
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ComposiJon	  and	  Source?	  	  Primarily	  Sulfate	  Formed	  in	  the	  Stratosphere	  

Stratospheric Aerosol Composition 

Ø Measurements 
using the PALMS 
instrument provide 
the most complete 
chemical speciation 
of lower strato-
spheric aerosols to 
date. 
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Recent instrumentation can distinguish various types of aerosol particles in the stratosphere
and determine their relative abundance. In the background lower stratosphere between
major volcanic eruptions, most particles are either relatively pure sulphuric acid, sulphuric
acid with material from ablated meteoroids or mixed organic-sulphate particles that
originated in the troposphere. The meteoritic iron and magnesium appear to be dissolved
whereas the aluminum and silicon appear to be inclusions. Most stratospheric aerosol
mass is liquid sulphuric acid and associated water, but a large fraction of particles contain
either inclusions of meteoritic elements such as silicon or organic material that is probably
effloresced or glassy. These solid phases could have large but unknown implications for
the ability of particles to act as freezing nuclei for polar stratospheric clouds. Internally
mixed black carbon is a measurable but very small component of the stratospheric aerosol
by mass. Despite their importance for heterogeneous chemistry, there are few quantitative
measurements of halogens in stratospheric particles.
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1. Introduction

The lower stratosphere contains higher mass concentrations of
aerosol particles than higher or lower altitudes. The number, size
and optical properties of stratospheric aerosols were reviewed
by Cadle and Grams (1975), Toon and Farlow (1981), Turco
et al. (1982), Thomason and Peter (2006) and Deshler (2008), but
the chemical composition of stratospheric aerosols has not been
extensively reviewed.

Chemical composition of aerosol particles is important for
several reasons. The composition constrains the sources of the
particles. Heterogeneous chemical reactions on the particles are
important to the chemistry of the ozone layer (Solomon, 1999).
For example, changes in aerosol surface area have affected strato-
spheric halogen chemistry. Even eruptions smaller than El Chi-
chon or Pinatubo affect chemistry and the radiative balance of the
stratosphere (Solomon et al., 1996; Vernier et al., 2011). Recent
interest in using stratospheric aerosols for climate engineering
(Rasch et al., 2008) has made it more important to understand
the chemistry of the natural stratospheric aerosol layer.

Initial measurements of the composition of stratospheric parti-
cles using balloon-borne impactors and U2 aircraft flights quickly

established that sulphur was a major component and that the par-
ticles were largely water-soluble (Junge et al., 1961; Junge, 1963;
Mossop, 1963). In addition to sulphate, mineral-rich ash particles
were detected after the eruption of Mount Agung (Mossop, 1964).

The chemical form of the sulphate was not immediately
known (Toon and Farlow, 1981). Ammonium sulphate (Junge
and Manson, 1961), sulphuric acid and even other sulphur
compounds were considered (Bigg et al., 1970). An early
indication of sulphuric acid was reported in Nature: ‘The material
collected on the aircraft windshield is acid to litmus paper and
painfully acid to the tongue’ (Mossop, 1964). The trospospheric
air through which the U2 descended must have had little ammonia
or it would have neutralized the acid.

Evidence for sulphuric acid accumulated, with Rosen (1971)
showing that most of the mass of stratospheric aerosols evaporated
at the temperature expected for sulphuric acid. Hayes et al. (1980)
found non-neutralized sulphuric acid particles after using an in-
flight argon fill to protect impactor samples from ammonia until
laboratory analysis. Arnold et al. (1998) definitively measured
sulphuric acid with mass spectrometry.

Infrared spectra can provide information on aerosol composi-
tion, either from limb profiles or radiances (Clarisse et al., 2010).
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Stratospheric Aerosol Variability 

Anthropogenic? Not The Primary Factor 

Ø Aerosol microphysical/GCM modeling 
demonstrated that trends in stratospheric 
aerosol can be mostly explained by small 
volcanic eruptions. 
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Stratospheric Aerosol Radiative Forcing 

Aerosol Contribution to 2000 – 2010 Global Warming Hiatus? 
                                                                                            ~25% effect 

Ø Climate modeling showed 
that increases in 
stratospheric aerosol from 
2000 counteract ~ 25% of 
the warming from CO2 
during this time period. 

Stratospheric Aerosol Effect 



Ø  Current	  CSD	  development	  
of	  new	  in-‐situ	  laser	  induced	  
fluorescence	  sensor	  for	  <	  10	  
ppt	  SO2.	  Field	  test	  planned	  
for	  fall	  2015.	  

Ongoing Stratospheric Aerosol and SO2 Research 

Satellite Measurement Model 

Open issues that would benefit from in-situ 
measurements: 
 

•  Chemistry and microphysics of 
stratospheric sulfur cycling 

•  Spatial distribution of volcanic SO2 
•  Aerosol size distribution as a function of 

SO2 input 

Answers needed to evaluate climate 
intervention strategies. 
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