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SO2 and OCS in the stratosphere: the aerosol layer 

Assessment of Stratospheric Aerosol Properties, SPARC, 2006 

Aerosol 
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Sulfur in the troposphere: OCS and the carbon cycle 

Limited understanding of CO2 sinks and 
sources on land due to difficult 
separation between the CO2 taken up 
by photosynthesis and that released by 
respiration 
OCS as proxy for photosynthetic CO2 
uptake 
OCS and CO2 have the same diffusion 
pathway into leaves 
Hydration reaction is irreversible for 
OCS:  OCS + H2O -> H2S + CO2 

CO2 OCS 
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The Michelson Interferometer for Passive 
Atmospheric Sounding on Envisat 

MIPAS 
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MIPAS products retrieved at KIT 

SO2 
Retrieval from mean spectra: 13-45 km, monthly+zonal 
averages                         → Höpfner et al., ACP, 2013 
Retrieval from single limb-scans: 8-20 km, high temporal 
and horizontal resolution → Höpfner et al., ACPD, 2015 
 
 

OCS 
Retrieval from single limb-scans: 8-35 km, high temporal 
and horizontal resolution  → Glatthor et al., subm. 2015 
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SO2 from mean MIPAS spectra 
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Pre-MIPAS observations of SO2 in the stratosphere 

ATMOS: Rinsland et al., 1995 
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Uplift of SO2 and OCS 

Production of SO2 from 
OCS and conversion 
into aerosols 

Evaporation of H2SO4 
aerosols and production 
of SO2 from H2SO4 
photolysis 

Transport to high 
latitudes and 
downwelling inside 
the polar vortex 

CN-explosion: 
production of 
H2SO4 aerosols on 
availability of OH 
in polar spring 

Höpfner et al., 2013 

First global measurements of SO2 throughout the stratosphere 
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Production of SO2 from 
OCS and conversion 
into aerosols 

Höpfner et al., 2013 

First global measurements of SO2 throughout the stratosphere 
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MIPAS 

The background aerosol layer:  
production from OCS  
at 25-30 km 

Model SO2:  
Brühl et al., ACP, 2012 

MIPAS observations 
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Evaporation of H2SO4 
aerosols and production 
of SO2 from H2SO4 
photolysis 

Höpfner et al., 2013 

Upper stratospheric values 
can only be simulated by 
including near-IR photolysis 
of H2SO4 and an additional 
sulfur-sink (meteoritic dust?) 
Brühl et al., JGR, 2015 
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Transport to high 
latitudes and 
downwelling inside 
the polar vortex 

CN-explosion: production 
of H2SO4 aerosols on 
availability of OH after 
sunrise in polar spring  

MIPAS SO2 
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SO2 from single MIPAS limb-scans 

Höpfner et al., ACPD, 2015 
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Global measurements of vertically resolved volcanic plumes 
→ Injection mass of SO2 for climate-chemistry models 



15 M. Höpfner 
MIPAS SO2 and OCS 
ESA ATMOS 2015     



16 M. Höpfner 
MIPAS SO2 and OCS 
ESA ATMOS 2015  

SO2-lifetime: differences between nadir and limb 
Sarychev 

τ ≅ 10 d 

τ ≅ 30 d 

Nadir sounding  instruments seem to strongly 
underestimate the lifetime of SO2 in the UTLS: 
• Detection-limit of nadir sounders (global dillution of 

SO2, Haywood et al., 2010) ? 
• Combination of lower SO2-lifetime at lower altitudes 

and nadir averaging kernels? 

Höpfner et al., 2015 

Clarisse et al., 2012 
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Non-volcanic aerosol background 

   

Strong annual cycle of SO2 in the upper troposphere?  
To be confirmed by in-situ observations 
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OCS from single MIPAS limb-scans 

Glatthor et al., subm. 2015 
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DJF MAM JJA SON 

First global distributions of OCS: tropical sink 

Model: Berry et al., 2013 

MIPAS measurements 

Glatthor et al., subm. 2015 
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OCS-hole annual cycle: model comparison 

Measurement 
EMAC Kettle 
EMAC Kettle (modified) 
PCTM Berry et al., 2013 

Difference: Box – Whole lat. Band 

Signal of biomass uptake over S-
America: observations can only be 
reproduced by global models, when a 
much larger vegetation uptake and a 
corresponding increase in oceanic 
emissions than in earlier estimates is 
considered 
 

Glatthor et al., subm. 2015 
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Summary 
MIPAS SO2 

Stratospheric maximum @26-30 km 
Downwelling during polar winter and springtime depletion of SO2 as 
explanation for the polar aerosol bursts 
Visible and near-IR photolysis of H2SO4 and irreversible sink of sulfur 
Height-resolved SO2 masses and lifetimes for ~30 volcanic eruptions 
reaching stratospheric levels 
Nadir instruments seem to underestimate SO2 lifetimes in the UTLS 
Strong seasonal cycle in the northern hemispheric UT 
Enhanced values in monsoon regions 

MIPAS OCS 
First global distributions of OCS including observation of tropical sink: 
need of much larger vegetation uptake in models 
Strong source over W-Pacific in spring: not well captured by models 
Biomass burning cannot be identified as a strong source of OCS 
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