
www.kit.eduKIT – The Research University in the Helmholtz Association

Sulfur containing species from the upper troposphere to the upper 
stratosphere: an overview on MIPAS measurements of SO2, COS and aerosol 
mass 2002-2012 

M. Höpfner, N. Glatthor, A. Günther, U. Grabowski, S. Kellmann, A. Linden, B.-M. Sinnhuber, G. Stiller, T. von 
Clarmann, and G. Krysztofiak

IMK-ASF Institute of Meteorology and Climate Research



2 M. Höpfner
SSiRC Potsdam 2016 

MIPAS products (2002-2012) by KIT
SO2 volume mixing ratio profiles

Retrieval from mean spectra: 13-45 km, monthly+zonal averages
(18 profiles/month)                         

o Höpfner et al., ACP, 2013
Retrieval from single limb-scans: 8-20 km, high temporal and
horizontal resolution (up to 2000 profiles/day)

o Höpfner et al., ACP, 2015

OCS volume mixing ratio profiles
Retrieval from single limb-scans: 8-35 km, high temporal and
horizontal resolution (upto 2000 profiles/day)  

o Glatthor et al., GRL, 2015 (upper troposphere)
o Glatthor et al., in prep., 2016 (stratosphere + UT biomass)

Aerosol volume density profiles
Retrieval from single limb-scans: 8-~33 km, high temporal and
horizontal resolution (up to 2000 profiles/day)

o Günther et al., in work
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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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Altitude/ 
latitude
resolved
time series:

MIPAS SO2

Höpfner et al., 2015
Kremser et al., 2016
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SO2-lifetime: differences between nadir and limb
Sarychev

W # 10 d

W # 30 d

Nadir sounders 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

?

+ MIPAS results are consistent with MLS (Pumphrey et al., 2015)

IASI

MIPAS
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10 - 25°N, 2002 - 2012

Talk by Andrew Rollins et al.

Höpfner et al., 2015

Bias of MIPAS (tropical) SO2 background?
MIPAS Error estimation

Differences within MIPAS estimation
of possible systematic errors

(MIPAS might still be contaminated
by smaller volcanic eruptions)

‚Features‘ of the SO2 dataset (1)
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‚Features‘ of the SO2 dataset (2)

2-3 weeks after strong eruptions:
Underestimation of the SO2 mass

Höpfner et al., 2015
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Non-volcanic SO2 background at lowest 
retrieval altitudes

Strong annual cycle of SO2 in the mid/high latitude upper troposphere? 
o To be confirmed/refuted by independent observations

‚Features‘ of the SO2 dataset (3)



10 M. Höpfner
SSiRC Potsdam 2016 

DJFMAM JJA SON

First global distributions of OCS: tropical sink

250 hPa

Model: Berry et al., 2013

MIPAS measurements

Glatthor et al., GRL, 2015

OCS ‚hole‘ also in the model

High values not reflected by the model
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Comparison MIPAS OCS vs. airborne in-situ

ARCTAS

HIPPO 1 HIPPO 2 HIPPO 5

HIPPO 3 HIPPO 4

black: MIPAS, red/blue: in-situ

Glatthor et al., GRL, 2015 (suppl. mat.)
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Glatthor et al., in prep.

MIPAS OCS
time series

30 km

26 km

22 km

18 km

14 km

10 km
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OCS source by biomass-burning

Biomass burning tracer HCN

No obvious enhancement of OCS due to biomass burning
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Summary
MIPAS SO2 (single retrievals)

Height-resolved SO2 masses and lifetimes for ~30 volcanic eruptions reaching 
stratospheric levels
Nadir instruments seem to underestimate SO2 lifetimes in the UTLS
Enhanced values in monsoon regions (not shown here)
Open data issues:

10-20 ppt positive bias (background, tropics)?
Underestimation of SO2 mass directly after strong eruptions
Strong seasonal variability @10 km northern mid+high latitudes

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
Hemispherically different stratospheric trends
Enhanced values in monsoon regions (not shown here)

Future
GLORIA limb-imaging instrument on HALO + Geophysika (StatoClim): direct 
comparison with in-situ


