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• Interest in stratospheric aerosol and its role in climate 
increased over last decade

• Last comprehensive assessment on stratospheric aerosol 
published in 2006 (SPARC ASAP report)

• New measurement systems and techniques developed 
for measuring physical aerosol properties with greater 
accuracy and for characterising aerosol composition

• Chemistry-climate models have substantially increased in 
quantity and sophistication

MOTIVATION



HIGHLIGHTS
Stratospheric aerosol life cycle [SPARC, 2006]
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HIGHLIGHTS
Stratospheric aerosol life cycle – first draft [Review, 2016]



HIGHLIGHTS
Stratospheric aerosol life cycle [Review, 2016]



HIGHLIGHTS
Differences between in situ and space-based inferences of stratospheric
aerosol properties resolved (volcanically quiescence conditions) 
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Reasons:

• OPC: Better understanding of counting 
efficiency

• SAGE: unchanged

Reasons:

• OPC: Better understanding of 
counting efficiency

• SAGE: Better understanding of the 
retrieval process



NET MASS FLUX
Total net mass flux from the troposphere to the stratosphere of material that
is eventually transformed into aerosol during volcanically quiescent periods

Conflicting numbers:
• 820 t/d (precursor gases only)
• 718 t aerosol/d (Fig. 6.12;  precursors only)
• 1450 t aerosol/d (incl. primary aerosol)

SPARC, 2006 Sheng et al., 2015

Net flux of precursors:
64.2 Gg S/year

• 1152 t aerosol/d (precursors only)
• 2024 t aerosol/d (incl. primary aerosol)

Net flux of precursors:

103 Gg S/year

Net flux incl. primary aerosol:
181Gg S/year

Talk by Terry Deshler  and Tom Peter this week.



SOURCES OF STRATOSPHERIC 
AEROSOL - NONVOLCANIC

• Carbonyl sulfide (OCS)

• Volcanically quiescence - main contributor to stratospheric aerosol 
confirmed by model studies (Sheng et al., 2015, Bruehl et al., 2012)

• Large uncertainties in sources and sinks of OCS and consequently 
in the overall budget remain → challenging to determine whether 
the OCS budget is currently closed or not.

• Sulfur dioxide (SO2)

• Transport of tropospheric SO2 second most important contributor

• Magnitude of anthropogenic SO2 emission to stratosphere aerosol 
and preferred pathway remain uncertain and subject to debate



• Annual flux of SO2 to the UTLS from volcanic eruptions varies greatly 
from year to year → from <0.1 Tg to 24 Tg of SO2 emitted by volcanoes in 
the past 30 years.

• Average annual flux of SO2 from explosive volcanic eruptions: about 1.6 
Tg to the UTLS, of which about 1 Tg enters the stratosphere (Carn et al. 
2016).

• Scientific consensus that minor eruptions have non-negligible impact –
depending on location and injection height

• Further research required to determine role of SO2 injections into upper 
troposphere on stratospheric aerosol.

SOURCES OF STRATOSPHERIC 
AEROSOL - VOLCANIC



SOURCES OF STRATOSPHERIC 
AEROSOL - VOLCANIC



• Significant change in both instrument and techniques for measuring 
aerosol from space – solar occultation replaced with limb and 
backscatter since early 2000s

• → challenges to constructing consistent long-term stratospheric aerosol 
climatology

OBSERVATIONS OF 
STRATOSPHERIC AEROSOL



CLIMATE IMPACT

• Role in radiative balance of atmosphere → reflecting solar shortwave 
radiation back to space and absorbing both longwave radiation emitted 
by the Earth and near-infrared solar radiation.

• Impact on climate assessed by climate model simulations

• Some models require prescribed stratospheric aerosol → require offline 
forcing data sets as input

• Some data sets include ASAP 2006, CCMI 2012 and a CMIP6 2016 data set

• Later data sets are extended back to 1960 (CCMI) and 1850 (CMIP6) 
using a mix of models and ground-based observations 



CLIMATE IMPACT

• Since 2006, significant increase in both quantity and sophistication of 
chemistry climate models → improved representation of transport, 
sources and sinks of stratospheric aerosol

• SPARC [2006], only a few climate models where available → now, at 
least 15 stratospheric aerosol-climate models are active

• A number of new model data intercomparison studies such as ISA-MIP 
and VolMIP

• Some models now coupled to radiation and/or stratospheric chemistry 
modules to account for relevant feedback processes



CURRENT STATUS - OUTCOME

• Review paper is key deliverable for SSiRC to SPARC

• Review paper accepted and currently finishing typesetting

• Paper: 58 pages with about 250 references

• Paper is getting some notice in EOS:

• Research Spotlight:

• https://eos.org/research-spotlights/decade-progress-stratospheric-
aerosol-research

• Editors Vox: 

• https://eos.org/editors-vox/blowin-in-the-wind-observing-
stratospheric-aerosols

Review paper online: 
http://onlinelibrary.wiley.com/doi/10.1002/2015RG000511/full



HIGHLIGHTS
Differences between in situ and space-based inferences of stratospheric
aerosol properties resolved (volcanically quiescence conditions) 


